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!Revised Charts 6.03 and 6.04 are attact-ed to replace the charts
contained in the report. The curves in the -riginal charts were based
on elementary considerations that yield resu..!s now found to be non-
conservative under some circumstances. The r-rfised curves are obtained
with the use of a somewhat more sophisticatei analysis.

The revised curves are calculated with the use of information
available in a report by Spielberg and Duneer-. In particular, they
are based upon dose rate curves for neutrors incident at various angles
upon material designated as "Rio," which is r-'.resentative of ordinary
concrete and generally of most earth with a =:isture content of about
10% by weight. (They are conservative if the -dater ccntezit is higher,
but err in the non-conservative direction if t.he water content is lower.)
The data from Spielberg and Duneer must be veighted by the proportion of
neutrons which are incident on the barrier ait various angles to the
normal. Since the data in Spielberg and Dun.r are given for angles of
incidence of 0, 2•<o, 450, and 750, some ass-.mpzions must be made as to
the assignment of the percentage of incident =-eutrons to each of these
directional groups, for the two cases of "normal" and "grazing" line of
sight. The discussion in Section 5.04 gives some information relative
to this assignment, but judgment must be ez;..yed also. The assumed

,: angular distributions, applic&ble to both 2.5 MeV and 14 MeV neutrons,
are as follows:

I

Angle Normal line of sight Grazing line of sight.

00 15% 5%
"200 40% 10%
450 30o 35%

S750 15% 50%
-2

The curves are normalized to qn incidm: flux of 1 neutron/cm. sec.
"by using as a reference the dose in rads for an integrated flux of one

D. Spielberg and A. Duneer, "Dose Attenusticn by Soils'and Concrete for
, .Broad, Parallel-Ream Neutron Sources," AD $tcument AN-108. Associ-ted

"Nucleonics, Inc. (May 4, 1958).
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neutron/I'm-. as given in Table 2.2 of Spielberg and Duineer. This should
give congerv'titve results, since the flux incident on the slab is not
the samlI aR the total flux Just above the slab: the latter includes"
also 'thet ose rate reflected from the slab. This conser:vatism is desir-

able beetiuS of uncertainties in the accuracy of Spielberg and Duneer's
Se~~a~cu~lationls,.,

tt, Is to'be noted thaft the resulting curves are not highly dependent
upon thr, direction of the line of s•ght.

Tho reader should be advised that the illustrative examnple given
in Chapter 9 of the basic report uses the data from the original curves
in Charto 6.03 and 6.04, and are incorrect to that extent. The methods
e~r.ploycdP however, are unchanged.
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research may provide a better basis for the selection of recommended valeWs

of human tolerances.
It has been assumed that those who will use this report are

fam;liar with the following publications; "Effect of Nuclear Weapons".

U. S. Government Printing Office; "Design of Structures to Resist

Nuclear Weapons", ASCE Kbnual No. 42 and "Design and Review of Structures

for Protection from Fallout Gamma Radiation. I Oct. 1961".

CONTENTS OF REPORT

In order to establish the general framework within which the

project proceeded and to state the general factors affecting the approach.

the solutions, and the limitations. Chapter 1, "Basic Design Considerations",

discusses the standards of protection, the tolerances of humans in a

shelter, the Influence of local ordinances and/or codes, and the role

of shelter management and operational procedures.

The objective of Chapter' 2. "Shelter Entrance Systems", Is

to ztate the specific assumptions made In relation to the shelter entrance

system. Included herein are discussions of the elesants of entrance

systems, the influence of depth of structure relative, to the outside

grade, the dependence or Ingress traffic rates, and the operational

concept of the door closure as it affects the design.

The objective of Chapter 3, "Dimensions and Geometry of Entrance

Systems", Is to establish a range of recommended dimensions of the system

elements and to catalog them In a convenient format. A number of

alternate geometries are presented.

In Chapter 4, "Ventilation Systems", the objective is to state

and discuss the specific assumptions made In relation to the ventllating

system. Included are discussions of the elements of the ventilation

system, intake and exhaust structures, the effect of the location of

emergoncy poweT supply, and blast valvea.

Chapter S, "Effects Input Data", presents the weapons effects

paramiters pertinent to the problem of the design of entrance and

ventilaticn structures appurtenant to a 50-psi shelter.

In Chapter 6, "adlation Shielding Design Par.meters", and

Chapter 7, "olast Resistant Design Parameters", are presented the

!1
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FOREWORD

The work undertaken on thlc contract pertains primarily to

the exploration of low-cost protection of shelter openings against

blast and associated thermal and nuclear radiation, emphasizing

protection for 50 psi for all weapon yields and the assoc;ated effects

for I MT. The entrance structures considered are of a general nature

appropriate to buried structures in general rather than to a

particular structure. The end result Is an example solution to an

assumed entrance situation.

It will be noted throughout the report that there is con-

siderable discussion of the interaction between the shelter entrance

and various other shelter systems. It is virtually Impossible to

design a shpiter entrance without considering the Influence of the

shelter proper.

The protection of shelter openings has been restricted to

their architectural configurations and the structural and mechanical

elemants between the ground surface and the enclosing structural shell

of buried shelters. These elements include the transition element at r

the surface, the depth element to permit movement from one depth to

another, the corridor element (to serve as a passageway and to reduce

the blast and radiation intensity), optional Interlock element, the

blast exclusion element (door) and the transition element between Ahe

entrance structure and the envelope of the shelter proper. These

elements are considered separately in order that various cooditions may

be satisfied, such as, ground terrain conditions; the location rf the

shelter. i.e., buried, semi-buried, or surface covered; side or end

access to the shelter proper; shelter shape configuration; etc.

In order to accomplish the objective of this project, it has

been necessary to establish or to assume certain design criteria and

standards. While some of these, such as flow rate of personnel Into

shelter are substantiated by orevious tests, it Is emphasized that

others such as human radiation tolerances are not to be considered as

recommended or prescribed allowables. The values used in this report

were assumed In order to present a quantitative example. Subsequent

...............



design criteria, the resistance expressions and the charts develope*

to design various elements of an entrance system. The design charts

cover & range of conditions so that one can select elements of a

particular strength or capacity to synthesize them into a design to

meet grven conartrons.

Chapter 8, "Design Procedure", is based on the material in

the preceding chapters. It Includes a general design procedure that Is

follcwed in Chapter 9.

An example design solution utilizing the charts and procedures

developed in the preceding chapters is presented in Chapter 9,

"llustrative Design Example".
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Sec. 1.01

CKAPTER 1. •SIC DESIGN CONSIDERATIONS

1.01 I TrMDUCTION

As In all other engineering problems, the engineer Involved Im

the desiSn of protective constructlon wants to achieve a balance% dostgj.

In Its simplest expression balanced design Implies a "one-boss shay" con-

cept; that Is, the structure performs each of Its design functions equally

well and there Is no weak link. In protective construction, thIs would

imply that the occupants of the structure are protected to an equal degree

against all of the effects of nuclear weapons, I.e., that the occupants

are not subjected to lethal doses of radiation In a structure which Is

adequate to protect them from blast and vice versa.

Implicit in any design are two general conditions, (1) the Input

or loading conditions and (2) the limiting or tolerable conditions. While

these two conditions are present In conventional design, the problem Is much

more complex for protective shelter design. It Is Imperative that the

designer understand this distinction.

The situation as far as protective shelters Is concerved may be

sumearized as follows:

I. Input (loading) conditions. Both the blatt and the radiation

Intenity vary Independently with weapon yield, range and

height of burst. Thus all must be specified as well as other

factors.

2. Limiting (tolerable) conditions. The occupant is protected

against structural collapse by specifying a limiting deflec-

tion and against an excessive amount of radiation by specifying

a limit of exposure In rads. The relative phys;ologlcal

effect upon the occupants of exceedItig each of these limits Is

not the same.

While the Input ar,*/or limiting conditions may cthange as a result

of advances In weapcn technology and delivery capability and of further

physiolo-jical research, the general design procedures presented herein are

still applicable. The structure obviously Is dependent upon the assumed

Input wd limiting conditions.
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Therefore. It is the purpose of this chapter and Appendix A to

discuss in some dotall the significance of these varying conditions In order

to place the overall problem in proper perspective, and to discuss the

Influence of local codes and shelter management on the deslqn problem.

1.02 STANDARDS OF PROTECTION

1) Factors In Balanced Design

(a) Variation in Effects with Yield. Table 1.01 and Fig. 1.01

Indicate the prompt nuclear radiation associated with various side-on over-

pressures from various yields of eapons. These calculations are based 06

the assumption of low air bursts. The table Is Included only to Illustrate

the well-known fact that the ranges of the various effects do not vary In

the same way with weapon yield. Therefore, the first most obv~ous problem

encountered is that a shelter can be baldnced, in the sense defines ýibove.

only for one weapcn yield.

It has generally been the practice to specIfy an overpressure level

for design purposes and then to design radiation protection for the worst

possible intensities of prompt gamma and neutron radiation associated with

that overpressure level. Since the prompt radiation at a given pressure

level varies with weapon yield, being higher for lower weapon yields, unless

some yield Is specified this requirement results in the prompt radiation

controlling the design. Of course, if the design specification had beea

to design for a given radiation Intensity, thr4 overpressure would control

the design.

To eliminate this abiguity It Is necessary to specify a weapon

yield. It is apparent from Table 1.01 that the lower the weapon yield the

higher the Intensity of associated prompt nuclear radiation at any given

pressure level. Thus from the standpoint of radlation protection It is

logical to choose as low a weapon yield as Is reasonable. However, In

terms of a mass shelter program and the y1elds of weapony available today,

it is not generally reasonable to contilder weapop yields of less than one

megaton,.

This selection does not ellm:nate the basic problem, of course;

the structure is still not "balanced" to protect equally well from all weapon

yields. However, such a structure w;11 withstand all of the effects of a

larger yield weapon at a range which Is proportional to the cube rcvot of

the higher yield.
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That Is, R -(V 113 R; W I l

where R(W) - range of specifled overpressure from weapon yield of W

megatons. ft.

W - weapon yield. HT

R, - range of specified overpressure from 1 HT weapon. ft.

The above formulation Is possible because the overpressurr

criterion will govern for larger yield weapons.

A similar formulation for lower yields of weapons Is not so

simple because both prompt game and neutron radiation are involved and

these two forms of radiation do not scale In the same way.

(h, Influence of Criteria. The criteria used to design for

protection ag'qArst the various effects of nuclear weapons has a bearing on

the question of balanced design.

There are many uncertainties Involved In the design of structures

to resist the blast from a nuclear weapon as well as many known variables

inc!uding those of loading, response mode, materials propertle3, etc. If

the current concepts of blast resistant design are employed, no factor of

safety, as such, is used. The structure is designed to permit some

"allowable" plastic deformation which has been established as being

acceptable in the sense that the structure, though it may be damaged, has

served its Intended function; i.e., it has protected Its occupants against

the blast effects of the weapon. In the general case for large yield

weapons the theoretical collapse load Is only slightly larger than that

required to produce the "allowable" plastic deformation.

In the case of design for protection against proapt and residual

nuclear radiation, the design criterion is some "allowable" dose Inside

the structure. This dose is generally much less than half the median

lethal dose.
Since the uncertainties Involved In the design for protection

against blast and radiatlon are probably of the same order, It seems clear

that the consequences of exceeding the criteria in each case are not

comparable. For purposes of discussion, assume that the collapse load of
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a structure can be predItcted within a factor of 2 and that the radlatlon

protection afforded by the same structure can be predicted with the seao

accuracy. The consequences of exceeding the allowable dose by a factor of

2. are serious, hut not nearly as potentially catastrophl- to the ocrupiants

as the consequences of exceeding the true collapse load of the structure.

The fact that there are genetic as well as iton.t.ic consequences of a signifi-

cant radiation dose can be used to Justify the difference in the criteroa.

However, the fact does remain that the question of what constitutes a

balanced design Is affected by the design criteria used.

The purpose of the above discussion Is not to challenge current

criteria but simply to emphasize that these criteria do have a bearing on

the question of balanced design. What appears to be a balanced design may

",ot be balanced in terms of the consequences to occupants from exceeding the

Physiologlcal criteria established.

(c) Effect of Orientation on Protection. Another aspect of

the problem of 'balanced design" Involves the effect of weapon-target

orientation on the protection factor which one computes for prompt nuclear

radiation, in general, the structure is designed to withstand the blast

coming from any direction; however, because the protection factor varies

significantly with orientation for a given structure, the radiation shielding

design is most often based on the worst case, or, what is believed to be

the worst case. As a consequence of this approach, the probability that the

shelter occupants will be subjected to a prompt d•ose In excess of the "allowabl,

is less than the probability that the structure will be subjected to a peak

overpressure in excess of the design peak overpressure.

Although this document deals with the design of entrance structures,

the effect of orientation can be Illustrated most simply by consideration

of a rectangular structure whose roof slab is flush with the ground surface

(See Fig. 1.02). The worst case for this structure is a burst directly

overhead. Since the solid angle fraction through which the radiation is

being received is relatively large for practical structures, the reduction

factor Is due primarily to barrier attenuation.

Assume that the structure Is designed to withstand 50 psi peak

overpressure from a I XT weapon and asso' lated prompt nuclear radiation.
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From Fig. 3.67a of Ref. 1041, It Is apparent that the range at which the

50 psi overpressure level exists varies only slightly with height of burst

up to a height of about 5,000 ft. Above that height of burst the range

decreases rapidly with height.

The free-field prompt nuclear radiation associated with the range

of SO psi for a low air burst is as indicated In Table 1.0:

Prompt Gamma 43,600 reds

Prompt Neutrons 4,400 rads

Because the values In Table 1.01 are based on a low air burst and an air

density of nine-tenths of atmospheric density at sea level under standard

conditions, approximately the same Intensities of prompt gamma and neutron

radiation may be expected at the same slant range (4.600 ft.) up to a height

of burst of 4,600 ft. From the standpoint of prompt nuclear radiation, the

worst case for this shelter would be a burst directly overhead. The mass

thickness required to reduce the prompt dose to some "allowable" dose may

be determined by the method outlined In Rtf. 1.02. For purposes of

illustration, if 20 radf Is assumed to be an "allowable" shelter dose of

prompt nuclear radiation, a mass thickness of about 700 psf Is required

when the weapon Is detonated directly overhead. TIt same mass thickness

overhead would reduce the prompt dose to leos than I red iv the weapon

were detonated such that a line from the center of the structure to the

point of burst were 450 from the vertical. In fact. it can be shown that

for the 450 orientation, the weapon would have to be detonated within

2,330 ft. of the shelter to exceed 20 reds Inside the structure.

The purpose of the preceding discussion Is to demonstrate the

significance of orientation on the range at which a given structure will

be able to protect Its occupants against the two primary effects of

Interest, I.e., blast and prompt nuclear radiation.

If the weapon were detonated at an altitude of 2,330 ft., the

range within hI1ch the weapon must fall to exceed the design overpressure

on the structure is about 4,600 or 4,700 ft. However, the range within

which the sooe weapon must fall to exceed the "'alloweble" prompt radiation

dose Inside Is about half that distance. That Is, for a height of burst
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of 2,330 ft.. the overpressure on the structure will exceed 200 psi before

the "allowoble" prompt radiation dose would be reached Inside the shelter.

This raises the basic question about the probability of obtaining

the worst case.

flowever, before dtscusstng generat probabrirty consrderation. It

stiould be noted that as far-as the occupants of the shelter are concerned the

Important factor Is the total radiation dose that they receive, regardless

of how it Is received, I.e., through the shelter proper, through the

entrance system or through a combination of the two. Thus, the worst case

of orientation for the shelter entranceway will no" simultaneously be the

worst case for the shelter proper In most cases.

2) Considerations of Probabillty. To Investigate the probability

of a given event (e.g., the probability of exceeding some overpressure at

the structure) In the most unsophisticated fashion requires knowledge of at

least three parameters:

a. The location of the designated ground zero (DGZ), I.e.,

aiming point;

b. The aiming error In the weapon system assumed;

c. The range of some specified daage criterion (This in general

requires knowledge of the yleld of the weapon to be employed).

When the target analysis Is being conducted from the defensive standpoint

the analyst does not have control over any of these variables. Yet a

probability study can be Informative.

With regard to the first parameter mentioned, I.e., the location

of ground zero, it is not reasonable to assume that the shelter under

consideratinn Is a target, per se. That Is to say, it Is not reasonable to

assume that it Is at the DGZ. A more reasonable assumption for the case of

a sheiter for the general population Is that a typical shelter Is at some

distance from the DGZ. On the other hand, it Is not reasonable to assume

that the shelter Is too far from the DGZ primarily because there Is no need

to provide a shelter which will withstand 50 psi and associated close-In

effects to serve a population located at a great distance from a reasonable

tao;get area (e.g., a critical military installation or a major population

center).
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A more sophisticated approach would requrre a study of a Icomplex

of shelter% distributed In various patterns; I.e.. various models of

population and thus shelter distributions would be required. Howevver, the

basic Ideas Involved -can be obtained from a study of one shelter entrance

as Is shown F1w Appendixr A.

From such a :,.j;~ it is apparent that, In the general case, the

probabfll ty of tihe worst case orientation for prompt nuclear radiation Is

small compared to the probability that the structure will be subjected

to the desIgn overpressure under the same set of conditions. Further,

because the range of variou-- effects do not vary In the same way with

weapon yield and height of burst, it can be seen that a different "balance"

would be required for each set of design assumptions. Therefore, a

"balanced design" In the strict sense Is not possible.

3) Recommnended Procedure, In view of the dilemia posed by the

preceding considerations, the following procedure Is recormmended:

a. Determine the worst case orientation for prompt nuclear

radiation from the architectural configuration of the

entranceway. It is possible to do this In most cases

without too much calculation.

b. Determine how far away the weapon must be detonated to

produce the design overpressure on the surface of the ground

t at or near the structure for that specific orientation.

c. Calculate the proapt nuclear radiation at the slant range

determined by step b.
Although this procedure does not "balance" the design, It does

provide a rational approach to the problem which will result in a logical

solution.

1.03 HUMAN TOLERANCES

1) jLsJ Recent research on mortal Ity in smallI animals

subjecte lb sharply rising overpressures (Ref. 1.*03) has revised somewhiat

the estimate of the effects of overpressure on human beings. A suxvnar-y of

the data Included In Ref. 1.03 Is tabulated below.
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P(uex) psi Probable Biological Effect
side-cm or reflected

S-45 1-99% eardrum rpture,

15-25 Threshold of lung hemorrhage

1-99% mortal Ity

The latter two pressure ranges apply only to sharply rising pressure of

"long" (> 400 usec) duration.

The side-on overpressure level for which the shelter under coo-

sideration Is designed is presumed to lie, 50 Psi whdich Is about the media.

lethal overpressure. Therefore, it is a~pparent that blast closure devices

must be instailed in all openings leading Into the structure. Leakage of

gas at high pressure through cracks, etc.. around such closure devices might

occur. The pressure rise Inside the shelter would not be sharp; however.

the maximu pressure In the structure must be kept to less than approximately

10 psi to pree. excessive eardrum damage and secondary blast damage to

personnel by their being knocked about Inside the shelter.

Alttcmvi this report does root deal with the design of the shelter

proper, It Is noted In passing that a mxiD~mi overpressure of 5 psi, even

though It Is cot applied as a shock, can cause considerable damage to lightly

constructed isterior partitions thus creating a hazard to personnel In the

shelter.

2) P',clcar W.sintion.

Wa Prot A susmnary of the clinical effects of acuts ionizing
radiation doses Is Included In Table 1,02. This table is reproduced from

Ref. 1.01 (Table 11.111. p. 501).

As state~d previously, there are genetic as well as clinical effects

of such radiation to be considered. if only somatic damag were of interaegt

the "allowable" d~se night be as high as 100 rads. Wihen genetic damage Is
considered, the "allowable" dose under emergency conditions must be set at

some lower figure.

The Uctional Committee on Radiation Protection and Measurements

(Ref. 1.04) has, taken the position that the concept of permissible exposure

cannot be applied In the usual sense Iii such emergencies as a nuclear-wer.
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the breakdown of a nuclear reactor, or an accfdent In a nuclear energy
Industrial establishment. Their report states (p. 2), 'The problem of

controlling exposure to radiation in a nuclear war are Inordinately complex.
and their solution Is not susceptible to rules of thumb or to the principles

of radiation protection based on past experrence. ft Is not possibte,

for example, to assign values for 'permisslble dose'." The document

further states "TThe alternative to prescribing permissible doses for

specific tasks or for specific groups of people is to prepare guidelines

describing the consequences of exposure to the amounts of radiation which

might be encountered. . . . . This report was prepared to help civil

defense officials make proper decisions in prepai-'zlon for nuclear warfare

and during the first few months after an attack."

Ref. 1.05 states In Section VII, Radlatlon Shlelding, paragraph

S, "In zhelters offering resistance to blast, the shielding required to

adequatcly reduce the Initial game and neutron radiation shall be

calculated at the range of the design overpressure, using methods approved

by the Office of Civil Defense. Using these methods, the Inside dose

from Initial radiation shall not exceed 20 rad."

Since some permissible dose from Initial gema and neutron

radiation must be assuned In order to design a shelter, and in lieu of any

more valid information, a permissible dose of 20 rads has been assumed for

this study.

(b) Residual. The protection factor against radiation from

residual contamination which will be provided by designing the shelter to

protect its occupants from close-in effects will be higher by a couple of

orders of magnitude than the minimum specified (100) for fallout shelters.

However, at the 50 psi range the accumulated dose from fallout gamea Is

very high and the miniram,- protection factor Is simply not adequate.

It is noted that according to current estimates a dose of

between 30 and 80 rads is required to double the rate at which spontaneous

witations are already occurring In humans. (See Art. 11.200 of Ref. 1.01).

Above that level the number of gene mutations are believed to be approxi-

mately proportional to the total radiation absorbed by the parents. A

dose of 100 rads Is the threshold of somatic damage to humans. In this



I0 Sec. 1.03

regard, some personnel in the shelters my have to be exposed to additional

doses for various purposes such as rescue and repair operations. Keeping

the total accumulated dose (prompt plus reslduaeý In the shelter well below

100 rads will not only reduce the genetic d&wege. but also will reduce the

clinical da.mge to those personnel who may have to perform recoery opera-

tions In a less sheltered environment.

Therefore, in the absence of any specific criteria, a residual

radiation dose of 20 rads has been assumed for this study. Thus the total

accumulated dose (prompt plus residual) has been assumed to be 40 rads which

is significantly less than the 100 rads discussed in the preceding paragraph.

3) Air Quality. A considerable amount of research has been done

In the area of environmental engineering for shelters (Ref. 1.06). Of course,

much of the work done on air quality control In submarines And space capsules

is directly applicable. Ref. 1.07 contains a good sumary of the effects

of three significant variables on shelte.- occupants. Tables 1.03, 1.04 and

1.05 concerning the effects of oxygen deficiency, carbon dioxide, and

carbon monoýIde content were extracted from Ref. 1.07.

In addition to the above, the effects of heat and cold on shelter

occupants have been studied thoroughly. Table 1.06 taken from Ref. 1.06

lists acceptable and tolerable thermal itmits for healthy people at rest.

These limits are expressed In terms of effective temperatures (E.T.) which

are not the same as the dry bulb temperature. Table 1.07 taken from the

same reference lists the effective temperature as a function of dry bulb

temperature and relative humidity.

Based on these studies, standards of air quality for design

purposes may be established as follows:

Oxygen Content 17% min.

Carbon Dioxide Content 1.5% max.

Carbon Kinoxide Content 0.01% max.

Effec:tlve Temperature

Lower Limit so' F.

Upper Limit 850 F.

These standards at,' Included, even though this report does not

cover the design of the mech•, ical system, In order to provide the necessary
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background for consideratlon of Intake ared exhaust structures and thlor

"possible effects on the shelter entrance design.

1.04 COMqPLIANCE WITH LOCAL MUILOING CODES

It has bee" assumed that .xisttng, locat regalatioaL w111 So,
to the design of shelters built for civilian occupancy and thus control

certain aspects of the entrance and openlnv designs developed under this
contract. Comitlance with local regulations is therefore desirable in
order to Insure widest acceptance of the designs, especially since the
"applicable regulations are generally uniform throughout the country ndW
represent empirical standards of safety or comfort not subject to rigorous

. analysis and significant improvement. 'However. the use of this design
criterion automatically eliminates a numer of entrance solutions such

as ladders, slides, firehouse poles. etc., v'Alch present an accident risk
considered unacceptable by code authorities.

With reference to entrances, the building code define minlm

width and height, stair details, slope of ramp, number and locations of
exlts, etc. These dimensional restrictions are based on long experience
with disaster prevention and Insure the least probability of casualties

,.. under the type of panic conditions which may obtas! at alert time.
HoDwver, It must hb noted that the exit cWds were developed to enforce

the safety of human traffic mwing outwmrd from the fire risk or threat

geWersted In a cro•ded Interior to the relative safety of the outdoors.
"The exit codes therefori imply a lack of traffic restraint beyod the
exit bottleneck, Precisely the opposite situatlon e"I.to in the shelter
case since traffic will flow fmar the unrestricted open Into the relatively
congested conditlons of the shelter mad one mast assum soew fandback

affecting traffic In the entrance system, Hence the current exit codes
should be cnsldred as representing relatively liberal restrictions oat

to be exceeded In any circl mtance, Similarly the traffic ftlailad for
stated dimanslons In the codes Is likely to be on the high side.

.with reference to ventilltiol openingl, the codes generally
apply to comfort levels somewhat greater than the minlalm specified for
shelter conditions by the Office of Civil Oefense• Depre of Defasoe.

44
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ISSec. 1.06

1.05 SHETER MNAG&~EMENT' AND OPERATIOMALPUCEMURE
1) General. It Is the purpose of this section to discuss only

those aspects of shelter management and operbtional procedures that relate
to the problem of designing low-cost Pootection of shelter openings. it
Is. of couse. doytoos that any large state, program of shelters for cfv#V
defense purposes woi~uld of necessity require a rather extensive and complexs
shelter management organization not only for each Individual. shelter, but
also for the shelter complex within a- given level of local govenmimetal
authority. The functions of such a shelter management organizatlom and
the operational procedures would be Indeed varied and would includse, as a
minis.: security. cousunicattons. medical* messing. berthing. mimatemmmce,
*etc

A discussion of the overall shelter management organization Is
beyond the scope of this report.' However, there are several facet of the
shelter management program and the operational procedures that would be in
effect before occupancy,, during loading of the shelter for occupancy and
during the occupancy that do Indeed affect the entroace configuration, the
blast closures the type of operations, etc. Several assumptions must be
msde on these as they affect the maintenane of the closures before occue
pancy; the ""ntrol of the flow of people during acceus to insure oafe
entry Into the shelter, preveation of oelaodadigo prevention of Wani0
and the closing of the door 'prior to the arrival of the blast seveg to

Insure the maintaining of the blast Integrity after closure; a"d to insure
egiress, after the period of occupancy,

It must be assumed (Ott purposes of this report that as a UIniWM
the shelter managoemet provides a security and a maintenane capability.

1) Securlty. The security. capabi lity as a mluawm must insore
the opening of the door ýbtqp requi red for access, the orderly wvemeet of
people through the enttrancewety Into the shelter Proper and awey fInm t1e64
eattvace the Prevention or minimization of panic, the closing and securing
of the door after entry, the blast integrity duaring the occupancy perlid, -

and the opening after the Occupancy period.

-'---'..-w.--.-.. . -~~~. ...- ......*-- ~ . . . . . . . . .



These constdoretions influence the entrance confl'guret ion
(i~e.. to* or stairs$ single or double width corridor. etc.; horizontal
or vertical closure. swinging In or out. etc.) an the mothod of opening
the door either as designed or under emergency conditions.

3) Maintenance The muintenance cup"iUty as a misimmm
must Insure pro-disaster maintenance, of the closare -units and removal of

debris to allow free movement and comlete seelling of the closure; the
pre-disaster removal of debris f rom stains or ramp and corridor; the
pre-4isaster maintenance, of fuel supply. simancy.power. and lighting
fixtures for illuminatiom during entry; amd the provision of tools to
Jack open or dismantle the door* or cut-throw# for emergency escape Is
the event the door fails to oae after the amrgecy.

These considerations 1sf lusc *the type of closure unilts, their
support and sealing aputnnetheir metin of actuation a&d operation#
etc*

4) Occupancy The type of occupascy, I00.. age% sax. and physical
well-being* will materially affect the entrance design. It the occupants

ofr vallying &gWs vtigrou au ad posi ly e Iwwtld beg rIngressad. ar
I*AM frAged wor l bs ie scuatisfatr p ase spca l ibstaum .For osila octeri

avrutihscan bentrandeda witi p'sfetowloft ofes i0ab~e chair would b
proesuirle r. owivth ao reltielyW amtl lope.wy 1E*t salev and femalges

evacuatiom of the shelter, eress Would p.alebly be orderly &Md assistance
%mid pot* no particular problem for oceqmpm is to weI chaint. Stretchers
or litter cases %WIA rot oftly require. mitatively geotla slope$ as In the
case of %Moll chairs, but wiould Also requre wider corridor$ and/.or loss

sharp bands in 6rder to negatiate the caulwrt to the tamps a"Oor corridort.
Wo reccomedaticss hae" been made I* this rtport for entreance~ss,

4.~t accommoduat occupants entering is idmeel chain. stretchers.p *We~d

5) j Lpr*resI~rets After AMtAc. Fro the standpoint of Ingressf
andor egress after as attaclo. lonI" as the Closure, *bit has wet sustaloo



*ex~cessive plastic deformation or become Jamnds there Is no particular problem.
Ingress my be required after an attack to accept late arrivals. trausfereus
f rom other shelters. m"dcal. repai r. or other personnel. Egress may be
required for medical, repalir, recue, decontamination. or other personnel
to perform recovery tasks end to remove sick. Injured. or dead.

If the attack has been of a contaminating type, I.e.. radioactive
fallout, biological. andfor chemicals provision would have to be made for
decoatmnamating entering personnel e&d maintaining Integrity of the Interest
enviros-tot. It Is assumed that air locks and decontamination factIlItiles.
If provied would be provided on the protected shelter side of the blast
closure. These have not beem Included as part of the exitrancewys designed
herein. It Is further assined that adequate water s.~ply, shielding.. en
provisiOe for disposal of contaminated water end clouhing f "m the deco.
taminatice facility would be provided.
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PROKPT NUCLEAR RADIATION ASSOCIATED WITH VARIOUS SIDE-ON
OVERPRESSMUR fROM VARIOUS VILLS OF WEAPONS (LWM AIR NAMSI)*

yield Range(ft) Prompt promt Total Prompt
cam("ad Neutron(Red) (Red)

30 2*1 14V01

100 KT 2,600 54,000 33,000 87,000
1 XT 5,600 11,800 750 12,550

10 "T 12,000 140 0.0 140

SO0C -PL.L22l
100 KT 1,140 121,500 102,000 2U3,500

I HT 4,6cc 43,600 40400 48,000
10 NT 9,900 1*400 0 18400

1GO PL) Level
too KT 1,620 350,000 400,0000 750,000

I NY 3,500 2150000 43,000 260.000
10 HT 7,500 23o800 200 24.000

MTess date wore caltulated from *fbe Ef Fects of Nuclear Wospons - IOW2
assuming that the height of burst veto low enough so that the slant raNge
Is approximae~ly equal to the horizontal distance from grouind sera "ut
high enougtt so that shielding by dust throwa up by the detonatlon Is
"negligible. The air density I$ taiwa as 0.9 times the density at Gal
level.
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TMLE 1.03

EFFECTS OF OXYGEN DEFICIENCY
(FaOK 1". 1.05)

Oxygen Content Effects
of Inhaled. Airg

Percent

1 0.9 No effects; nomal air

i5 ob Immiiate effects

10 Dlimaloss; shortness of breath, deeper
and more rapid respiration, quickened
pals*, espectally on exertion

7 Suwior sets In

5 Minimal concentration comatible with life

2.3 8ath within a few minutes

*7



TAOLE 1.04-

EFFECTS OF CARBON IOXIDE - oxY' N CONTEXT WOW ..
(FAoN REFERNC 1.05)

Carbon 9iooxide
coatent of ?n lr Effects

"Al r, Percent

0.04 No effects; normal air

2.0 Breathing deeper; air Inspiced per breath
Increased 30 persnat

4.0 treatbing much deeper; rate slightly
quickened; considerable discomfort

"4.5-5 Breathing extremely labored; almost unbear-
able for many indlvldals; nausas may occre

,,, -$Liait of tolerance

10-11 InAbllity to Coordinate; wnconlousnes In

abouS4t ton minute
S15-20 Sptons In biut probably not fatal

5-30 O-lmnilshd redpirstlc; falout of blood
pressure; cone; loss of reflexes; Istheaiae;
gradual deeth afterr s a heurs

S44d
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TAKLE 1.0S

EfFECTS OF CM8lOW MKWOUU
(FROW REFERENCE 1.051

Carbon Itonoxilde
Content of -Inhaled Effects

Air, Pecn

0.03 Possible mild frontal headache after two to
Wase hours

0.04 -Frontal headache and nausea after one to two hours;
occipital (rear of head) eadache after too ani
one-half to tWoe and one-haf hous

0.08 ibadache. dizziness$ and nausea to footy-five
minutes; Collapse enA posIble ,mcMSCIOUSaesa
Is too hours

01,16Neadache d~salnesso, and nause In twenty minutes;
collapse. .'coasclouaaess and Possible, death Is

* ~two hours

0.3 Headache and dizziness In five to ten minutes;
-w~cnscow~saeSs and danver of dAwth 10 thirty

Minutes

0.64 Headache and diuliness in4 oe ortwo bm Meteunconscioeine5 ad danger of dawth In torn
fifteen minutes

1.28 1004iete effoct; uintoasciowsmees a"d danger of
death In one to throe minutes



TABLE 1.06
- - ACCEPTABLE. MD TOLERMLE ThEIRAL LTNTS FOR

M•AW PEOPLL AT REST PVOPERLY CLOTFWH
r, lir

Limits expressed rn terms of Effective Temperature (E.T.), which Is the
topersture of saturated air wth minimam air mvement (See Table 1.07)

Lweest teerature endurable in cold **ther for
S•at least two weeks In amrgencles 3e EfT.

Possible chilblain. or shelterfoot 35-50 E.T.

.. Loest acceptable for continuous exposure. so I.T.
Manual dexterity wy be affected

%0 ptlwmu for omforts with 601 reletlve humidity
or less 68-72 E.T.

Perspiration threshold kcaptble for"'"" continuous exposure 78 E.T.T

Endurable In emergencles for at least two wees, as (ITPossible heat rash In prolonged exposures

Possible beat exhaustion tinmaacclimatized people 88 E.T.

"Possible beat exhaustion In acclimatized persoms 01 E.T.

E'Extracted from Iffolerance Limits of People for Cold, Meat, end timidity
toin Udergroind Shelters," by C. P. Yaglwi, Ref. 1.06.

* *
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TAKLE 1.07

EFFECTIVE TMP.ERATURE

Effective Temperature (E.T.) Is an empirical hat Index based
on human sensations. It combines the tmperaturo, humidity, and movement
of air into. A sensibly equivalent temperatua'a of saturated air with
6ainimal air motiom. In unventiIaped-underground shelters where the air
is almost saturated with moisture, the E.T. will be practically the same
as the dry bulb temperature. For unsaturated atmospheres the I.T. can be
computed from the table below. (Ref. 1.06)

e Dry bulb E.T. for relative humidities of
temperature

""F (A 70% 80% 90 1001

50 so 50 50 50 50

60 58 59 59 6( 60

I0 67 6, 68 f .
75"•P 71 72 73 74 73

00 7S 76 77 79 0

as 79 so 81 03 S

90 83 85 86 Be go

s9$ 87 d9 91 93 9S

100 90 93 95 98 10t

,. . . ... -�,* . . . ..* 1�.. ". . . . .

- - - - .i ... .. . ... .... t...



01

2400

S (5600),

. ' 6

10 L., A4-

o 0 40 -0- -0 sogo-l-

SieO Oepesue P. s

FIG 1-0 TOA to ILA AITomV IEO v~jE~j

VS WEPN IL

4-7

07



V A

* A w

L b

S ,* :PLAN

SECTION A-A

Cose I; Burst Overhaad
Case 2; 45e Orientation

,', FIG. 1.02 RECTANGULAR STRUCTURE WITH ROOF SLAS FLUSN WITH

GGROM SURFACE; TWO/ ORIENTATIONS WITH RESPECT TO POINT OF DETONATION

.............................

¾•* .4

. . . . .. . . . . . . . . . . . . . . . . * ** . .



* . ' Sec. LSOtr .

CHAPTER 2. SHELTER ENTRANCE SYSTEMS

2.01 INTRODUTrION

The final selection -of the type of entrance best suited for a

spealf I situation can ha. ade oaly after a number of dif ferent factors

- have been considered. Many of these factors are Inter-related and do

not lend themselves to Independent consideration. However, In order to

Sdiscuss the various factors It Is essentfat that thmy be Isolated and! tat

their mutual effect be considered only In the final synthesis.

It Is desirable to suemarize the various factors affecting the

design of entrance system before examining the Individual factors In

detail. Such a sumsary is Indicated by the following toblation:

1) Site -onditions.

a. Terrain - level or sloplng

b. Building density and proximity

c. Relation of shelter to outside access level~2) .-.p..acl-t, and S af~ety,

"a. Shelter system (Isolated cr Istegrated)

b. Warning time

c. Decontamination area

d. interlock

a. Type and location of doors

f. Widths of doors and corridors

"Ngmber of doors

"h. Type of depth elnt
I) stairs

I. Psychological considerations

3) Structural Resistance

"a. Overpressure

b. Incidence angle

"c. Turns or bends il corridor olmeat

d. Negative phase

i •' rt 4'-W W !¶- ' ' ~ 4 .. v r"~ ' -'-
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Sec. 2.81

"41 Radiattofo Protectron
a. Through door

"b. Turns or.bends In corridor element
c. Shields or barriers

t l. Legth of coridiw.r-

S) Door .Operation

a. Simplicity

b.- EffectIveness

C.o 11uttoning Up" time

d. Vulnerability to damage or blocking

The objective of this chapter Is to state the specific assumptions

made regarding the shelter entrance system. Discussed are the elements

of entrance systems, the depth of the structure relative to the outside

grades, the Ingress traffic rates, and the operational concepts of the

entrance system as they Influence the design of the entrance system.

The concept of the entrance system in this report Is that of e&

Integrated self-supporting system consisting of several elements. The

door frame Is Included In the system although Its support may be Incorporated

in the shelter sttucture proper. The discussion is appropriate to

burled structures In geaeral rather than to a particular structure.

The capacity of the entrance systeas Is based on the modular

principle. A module Is rated In term of It* capacity, I.e., the number

of Persons per minute WAlch It can accommodate. As discussed In Sec. 2.04

of this chapter, this Is a varying quantity with time. Therefore the

number of entrance system modules required will be a function of the

"warning time and the capacity of the shelter proper.

Although no consideration Is given In this report to the numer
of entrances required for a particular shelter, & few cmments are In

order regarding the requirement of an emergency escape and'the orientation

of entrancet If more than one are required. In order to Insure opening

of the door after an attack, the door structure should be restricted to

relatively small permanent deformbtlons or should be desigmd such that

ki
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Sac. 2.O1, 2,

the deformations do not prevent the door from being opened. if plastic

deformations are designed for and/or occur, provision must be made

either for jacking the door open or cutting It away, or for separate "

emergency. ape mens..

"If the OU (designated ground zero) Is known or can logically

be assumed, all entrances should be oriented e*y from the DGZ* in order

to minimiz, the levels of blast and nuclear radiation. Similarly. if ,. ,

the capacity of the shelter is such as to require more than eon entrance

and If the DGZ Is unknown, the entrances should be oriented at least

900 apart. To reduce the debris hazard the entrance structures should I
be connected to opposite ends or sides of the shelter.

2.02 ELMENTS OF ENTRANCE SYSTEIS

The protection of the shelter opealmos has been restricted to

the structural and mechanical elemeats of the entrance system between

the ground surface and the enclosing structural envelope (shell) of the
shelter proper. These Include the followlin:

1) Surface Transition ement. At the ground surface where

the entrancewy system emerges, attention mast be paid to Its location , 2§
with respect to buildings vlAh eight become a debris and/or Incendiary

hazard, Its orientation with respect to *ay ant probable ground %eroe

ground water conditions, surface drainage conditions, beckfill coecticta-

absence of vertical protuberances presenting a sliuble "sell" area to

the blast wave. proximity to utility1tnes Wich wein damaged mlbht prevent

Ingress eand/or egress# structural strengtit, oet.

2) Dqpth Eimsnt. The depth oelmat provides for descending

to the level at whicb the shelter proper caa be entered. It "y consist

of raps or stairs and/or bends or turns. The dimensions (widths, holcs.

slope, rises, tread* etc.) are Is general dictated by codes wAdhe influefme

is discussed in Chapter 3.

S3) C~o~rrtrE!ent_. A corridor elemet may be required

between the riser element end the shelter for one of several reasons,

"*.g., to permit one riser elemet to son-e more than one shelter, to

* : provide a location for machinary that should be Isolated from the thelter-

or to provide additional turns and/or lengths for radiation end bVast

attenuation that are aot provlde' In the deth olimnt.

4 .

* . *~ 4~.4 4.., .. ;. .,*..' ,.. %

• , . .,€ •. . .•. " • 'T ,i:.":• •. :• - --. • • -,",7••" ' -. '. -'-• . • ' .. .. ,,.,.*.-. . .. -- *.... .. . .- - ,,*,..,. .-



g 1S0C. 2.I2

The actual configuration of the corridor element Is determined
by the requirements foF the Perturbation of the blast wave and the

attenuation of both the initial and residual radiationi. These configur&-

tions, are discussed to Chaptars S and (r.
4) intelock Element. An Interlock element provides for late

arrivals to enter the shelter without exposing the people In the shelter

to the blast wave. The actual interlock systeom may or may not 6e con-
sidered a separate elements as the only major feature of an Interlock
is two doors with a holding space between. Hence. It could be a
separate element within the shelter entrance system with two corridor
doors and ", Intervening corridor, or It could be an exterior door at

* the surface and a corridor door with the Intervening corridor and depth
elements serving as the storage area.

S) Shelt*E Trn;sitionElement. This element simply ma);es the

transition f rom aay of the other elemnts (corridor or depth) to the

shelter proper. In some situations, then the blast load on the door Is
transmitted directly to the shelter. the shelter transition ele40met will

be a structural elomet.
6) Door Elementý. The door element consIsts of the door

itself. as the means of excluding positively the blast prossure- the

binges. rollers. or Other Supporting merhanisms; sea~ling devices to
prevent f low of ai r under respopse and rebound; the support Ing frame;
"ad any mechanism for *Malma or Outomatic operatIOA of the door. TMe

"rquired strangth or resistancet Is a funhelon (1) of the orientation
of the door, and/ofl the locatioo of the door; (2) of th. ratio of the
positive phase duration of the blast wave to the natural period of the

dor; (3) of the sp&a and length of the door; and (4) of the method of

support; i.e.# simple or fixed. In one or in van directions.
4'. Since the problem associated with the design of the door

element are a significant Part of the total problem of the entrance

systes. a subsequent section has boon devoted solely to a discussion
of closing mechanisms.

7) Decontamin!tion Elewmen. Some provision for a decontaminatiom
at"a must ba Included In afty large shelter cowlex. Vhil I* t eight not



"be used upon the Initial entry of shelterees, ft Mtkely tould be used
during the post-attack operation. Such an area night be Incorporated
within the shelter proper or iilthin a separate and alternate entrance

corridor. A discussion of the design criteria for a decontamination
area ft beyond the scope of thss reporte

2.03 SITE CONDITIONS

The srte conditions of the terrain, the proximity of other

"structures, the location of utilities and the relation of the shelter

with respect to the outside access level materially affect the selecilom

of the entrance system. These conditions themselves may affect or be

affected by other entrance system requirements, e.g., capacity and

safety, structural resistance and radiation protection. While these
factors must be separated for discussion, the final selection'of a
partlcular *ntrance system Is dependent upon the synthesis of all of

the pertinent factors.

It is impossible to have a single entrance system that will
satisfy all the possible site conditions and shelter types that may be

encountered. Therefore, fur discussion puriuses in this chapter, four
Idealtzed situation or cases have been assumed. " It Is believed mest

site conditions and shelter types can be Idealized to correspond to one

of these four cases. All cases portray buried or covered structures.
with 4 ft. of overburden and an 8 ft. clear height from the shelter

entry level to shelter ceiling. The four cases are described as follow:

Case I 0utslde access level 12 ft. above the shelter entry
level. Ground surface Is appoximatetly level.

Case II Hounded or semi-buried; outside access level 6 ft.
above the shelter entry level.

Case III Nuinded, earth covered; outside access level and
entry level at same evatIon.

Case IV Covered or buttied shelter; entrance Is through a
vertical door, as In a basement well or other
vertical surface.

When depth elements are used, two types -re considered, I.e..

a 10 percent ramp end a 7 3/4 In. riser - 9 1/2 In. tesed stairs. As

discussed I* Chapter 3 these rprssent the moximum slope for e"me aOd
•i ingress.

.',
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The four cases are presented In Figs. 2.01.and 2.02. As sh0I.

In Fig. 2.01, Case I and Case II may be used for any floor to calling

heights, as wall as for multiple stories. A similar situation is

applicebte to Case rr` (Frg. T.zy. The limtttng condition Is tha

direct access Is made 8 ft. + below the ceiling of the upper story.

If the story height Is greater than 8 ft., then an Inside stairs Is

required as 1la(b).

For mounded construction, Cases 11 and III, two side slopes

are illustrated, I.e., a 1:1 and a 2:1. While there are advantages to

both slopes as far as the door is concerned, the 2:1 slope is about as

steep as can be attained when the stability of soil Is considered.

Figs. 2.03, 2.04, 2.05 and 2.06 show the four Idealized

situations. Cases Is II, III and IV, respectively. both a stairs and

a 1:10 ramp are shown for Cases 1 and II, while t horizontal corridor

only Is shown for Case III and. IV. Doors are shown only at the surface

(except for Case IV) in order to compare the approximate lengths.

Vertical doors, of course, could be Installed It any of the corridor

) elements. Iweer, since the site conditions do not moterially affect

the design of Interior doors, they are not consldered In this section.

It also Is important to note that while the design pressure Is differeet

for the exterior doors at different angles of Incidence. all Interior

doors must be deslgned for a reflected pressure. Refer to Chapter 5

for a more coW lete discussion.

It should be noted also that seem of the drawings In Figs,

2.03 and 2.04 Indicate a depth element only. A corridor elient of

any desired length may be Incorporated In the design, as required by

other considerations. Fig. 2.03(b) has only a depth element, %heras

Fig. 2.03(c) has a corridor element also.

The use of a 1:10 raw for Case I Is not practical as shoae

in Fig. 2.03(o). Alle, as previously stated, an Interior door could be

used, the surface opening Is so large that It becomes Impractical. It
Is-bellievd that in any cases where a ramp mast be used, such as for a

hospital, that either Case II or III becomes more practical, particularly

F'!
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Case 1i1l. Stahrs- become a very practical-solution for-Case I, as shows
In Fig. 2.03(b)-and (c). The major advantage Is that the door Is

relatively short and parallel with the ground surface. Sisce it Is

flush with the ground it Is designed only for the side-ou overpressure

rather than a higher reflected pressure when at some angle to the

horizontal.

rrg. 7.04 compares the use of a stairs and a raW for Case It.

The stairs again appear the more reasonable solution if a long corridor

Is not required by other considerations. Fig. 2.05 indicates that even

with a 2:1 sell slope the door Is not unreasonably long. If fill were

available this case probably would be preferable for hospital construction.

1Ihile It Is Impossible to draw definite conclusions as to

which type construction may be most desirable for * specific case,

without actually computing- the cost of the entire entrance structure and

without weighing the relative blast and radiation protection, some

general conclusions may be drawn at this point. in general, the stairs

are likely to be %ost desirable for general use. It permits more

flexibility In that the corridor element may be as long or hav, as

many turns as Is desired.

The advantages and disadvantages of the four cases may be

sumarized as fol 10.43

,1. The HO rap requires too long a door or exposed opening,

' 2. The flush horizontal door may be designed for the least
pressure of any configuration.

3. This case is moso applicable when the ground above Is to
be used for some purpose such as a.olaygrovude parking. etc.

"Case it
1. Probably the best solution for wt case it that the

construction makes use of waste soil.

2. May not be suitable for multi-purpose use of load due to
sounding eround the shelter,

3. Use of the stairs may be desirable porticauiarly twhe lad
Is at a premium or in congested are.

I.V
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I . Excellent for hospitals and other facilities requiriftg
"gradual entrance slope.

2. Requires an excessive amount of fill from a borrow pit.

case IV

1. Restricted use only

2. The door through the wail must be considered only as a
direct access door from the building.

3. Since this case is very susceptible to blocking due to
debris, it is essential that an additional exit be
"provided, preferably as far away from the building as
possible.

2.04 ENTRANCE TRAFFIC RATE

The 4ntrance traffic rate, I.e., the traffic flowing past a

given point of a shelter entrance, uniquely describes the capacity of am

entrance system and provides the best criterion for comparing system

% oefficlencles or costs and for selecting optimal entrance system as a
function of such Independent variables as alert time, contributing

population density and distribution, shelter capacity and number of

entrances.

The traffic flow rate Is expressed as the number of people

"moving per unit width (or foot of width) per minute and, as will be

discussed In Chapter 3, varies according to traffic density or velocity.

as well as the width and slope of the entrance system. For instance,

assuming a minimum effective width of 22 In. for the access and door

elements and an "approved" stair configuration, the aver entrance

rate %orks out to bc 40 persons per minute for a density of I person

per 6.5 square feet 4nd a velocity of 1.5 miles per hour. The peak

traffic rate for the same conditions of width and density Is 60 persoin

"per minute corresponding to a velocity of 2.25 miles per hour.

The data and observations on %Alch traffic flow Is bas•4 are

* reasonably consistent and can be easily Improved by ad hoc experlmenta-

"tion under simulated conditions. These data are discussed and the

"applicabl, traffic rates are tabulated In Chapter 3. The criterion

"involves both a peak and an average rate estimated from available data.

.i
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The use add validity of these two rates are predicated on the assumption

that the traffic through the entrance. system will follow a distribution

curve with a slow buildup following the alert siren and peaking somewhat

before the end of the alert period. Traffic distribution curves will

"of course vary widely according to local site conditions, but total

traffic can be estimated by multiplying the overage rate by the nuamber

of minutes warranted by these conditions.

2.05 MECNICAL SYSTEMS OF DOOR CLOSURES

1) General. in other sections of this report material is

presented which permits the designer to choose from a variety of

configurations and several' different materials the door which will be

requl red to resist the loads imposed. The choice which Is made from

among all of the possible solutions may be Influenced to a considerable

dogree by other factors. The Ideal type of door would be simple to

*"operate, would be coiparatively cheap,, would require vOrtually no

maintenance and woul. make an absolute seal. Theset requireents tend

"to work against one another.

in the final analysis the optimm closure aust meet certain

requirements with respect to Initial cost. maintenance, safety, sealing
and support. In additlon to these Items It must satisfy certain

psychological aspects of entrance and egress. For the wide variety of

choices available It Is Impossible, without consideration of a specific
case, to discuss In detail the many possible solutions. The final
choice wl I depend to a great extent on the Importance asslgned to the

several items mentioned above.

"For purposes of discussion the general systems of door closure

have been separated Into either sliding or hInted.

2) Hinged Doors. Within this category consideratlon must be
given to doors which swing back into the entrance corridor or Into the

0 shelter area. It is possible, depending upon the configuration of the

entrance tunnel, that this type of door could also be wouated somewhere

along the tunnel. Should this be the case the factors enumerated in
"the following still hold. The basic diffarente bet~ea the two system

occur in the consideratlon of support requirements, sealing and In the

psychological consideratIoss.

ij
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(a) f For the door proper there Is no particular
difference In the makeup regardless of 0Wether the door swings into th

entrance corridor or Into the shelter area. The basic structural systems

would be Identical and therefore cost would not b-% a consideratioa. The

mat important consderetem, ta thw. cost for .W9 type, of dom Is mw numeo

for automatic closure devices as opposed to manual operatloe.
(b) Maintenance, Maintenance for this system shout)4 be

& minimam provided the proper materials are chosen, for the door hinge...

the sealing material and the latching devices.

"(c) Safety. This particular consideration Is difficult

to discuss in a straightforward manner because it Is Intimately connected

"to the psychological aspects of the problem. A door swinging back Into

* the entrance corridor provides certain advantages since anyone to

front of the door at the time of closure would be swept by the door Into

the shelter. The particular disadvantage of this systam Is that it

the event of panic or accidental novement the door could be closed

prematurely by those seeking entrance to the shelter. The first require-

mant then Is that some positive steps must be taken to prevent such &a

ocCurence.
On the other hand In the case tdhere tls door swings Into the

shelter area this difficulty does not occur since tise seeking entrance

to the shelter automatically keep the door open. The problem of closing

a door which is hinged In this direction presents a ver/ serious problem.

Such a system would place a great deal of pressure on the person respemnslble

for closing the door at the proper time. it would be his responsibility

to dissuade those seeking entramce In order to be able to close the door

for the safety of those already in the shelter. Ont. can easily visualize

the difficulty of carrying out the mechanical operation under these

circumstances and this aspect of the problem will not be discussed further.

in both cases under consIderation It would be necessary to

provide for a chaenge In elevation between the tunnel floor and the

shelter floor. On*a case would require a step up Into the shelter and the

other wuld require a step down. This change in level Is required In
order to be able to provide sealing at the bottom of the door to prevent

€,o1
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any buildup of pressure within the shelter. A change in elevation can be

provided for most easily with a hinged plate, either steel, aluml

or timber, slmlalr to that shown In Fig. 2.07. This plate could easily

be flipped out of thewey when the door Is finally closed. More complil-

cated system could be devised easily to accomplish a safe access to

the shelter. Such system would Involve considerably more cost without

adding significantly to the operation of the shelter.

(d) Sea.ln. Under this heading consideration must be

"directed to both the positive and negative phases of the blast. The

"discussion herein Is based on the assumption that the hinge Is expected

to support only the weight of the door and not to resist any of the load

from the blast. On the contrary In some cases It Is specifically designed

as a flexible arrangement to permit the door to seat Itself properly

and to provide a better deal. in the event that a system Is designed so

that the hinge does resist some of the blast load, special care will be

required to Insure proper sealing.

are discussed later In this section, require some adaptation of the basic

structural system to meet the requirements for sealing and for support.

oI the case of a plate and beam type door such an adaptation would consist

of a complete frame made up of angles or channels or a built-up section.

In the case of a reinforced concrete door som metallic elements would

have to be cast Into and as in Integral part of the door. For doors

fabricated from other materials similar arrangements will be required.

The simplest system by which sealing can be provided Is show

in Fig. 2.08. In this case the frame supporting the door is enlarged I1

* such a manner as to overlap the door opening. A solid or hotlow se"l

* .Is placed around the complete door opening. The slize of this seal will

depend on Its distance from the door opening and the extent of the

"deformation of the door under the positive phase. During the positive

phase of the blast any deformatlon of'the door wauld tend to rotate the

door edges in such a manner as to destroy the sealing properties. In

addition, the seal must be of sufficient size to prevent Its being

rendered Ineffective during the negative phase. The extent to wihlch this

S!.

• ~.,~5~I*~**K~** .

t I ***:*It.*i~2,'*.



Sec.Z.O5

Is possible depends on the mechanical system used to provide support

during this phase.
Although other materials may be developed for this application.

it Is suggested that the seal be made of a rubber, neoprene or a butyl

to provide sufficient resiliency for increased sealing pctential as the

reaction on this material Increases. In locations there cold weather

can be expected, rubber should be used. with cautlon since It my become

brittle or lose Its resiliency.

A seal provided In this manner can be attached to either the

supporting structure or to the door by means of soft metal clips thick

will deform ader relatively low pressure. The hinge supporting the

door should also be designed as a flexible link so that It will be free

to deform as the load Is applied to the door and thereby cause the seal

to become effective.

Ibis syatem is by far the simplest and requires the least

accuracy In the tabrication of the door Itself. Relatively large

inaccuracies In door dimensions can be tolerated. The systom does,

however, require that the proper attention be directed to support for

the negative phase of the blast.
,mother sealing mechanism is proposed In Fig. 2.09. As In the

"previous system the frae supporting the door Is enlarged In such a

manner as to overlap the door opening. In this case a T-shaped appendage

* *. Is attached to the face of the door. This appendage Is Intended to

function as the male part of the seal. The female portion of the seal

is a cast gasket thIch Is placed In a groove In the supporting structure

around the periphery of the door opening. Somewhat greater accuracy

will be required In the fabrication and Installation of such a system;
however, by sloping the sides of the I and of the groove In the cast

gasket this unit can be designed In such a manner that the sealing

potential will Increase as load Is applied to the door. It will be

necessary for the cast gasket on the vertical side of the doer Perest

the hinge to have a groove of a different design In order to permit

". the T-sectioe to make a proper entry den the doer Is closed.

7V



Although this system requi reas som~ihat- greater accuracy- than
that previously described It has the advantage of providi ng good sealing
characteristics during the negative phase. By a simple adjustment of
the depth of the T-section and the corresponding 9groovi the cast
gasket the expected deformation during rebound or the megtivie-phase

can be taken into account.'
*Two additional systsw are shows In Figs. 2.10 and 2.11. Both

*A of these systems resquiregreater accuracy in both door dimensions and
supporting structure dimensions than the systems previously discussed,
In both cases the door Is fabricated on the basis that It will enter the
door opening ptovided and the seating characteristics are derived from
this fact. In Fig. 2.10 all sides of the door art tapered as are the

* ~sides of tba door opening. At the point whiere the door-and the door
opening are In contact a neoprene. butyl or teflon gasket Insert Is

provided. As the load Is applied to the door Its deformation automatically
Increases the sealing provided. It Is obvious that this system will

require considerable accuracy In both the door dimensions and the dimes.
sions of the opening since a small discrepancy could destroy Its useful-
ness. This system could be modified to require less acceracy, in the
following manner. The door could be ?abricated with square sides and
the door opening provided with tapered sides. By using a hard material.
for example tefl)on. on the edge of the door and a softomr material on the
door opening. for example neoprenel, It would be possible for the teflon
to deform the softer material on the door opening and provide on
e4celle4 seal.

Fig. 2.11 ios omewhat a modification of the system presented
In Fig. 2.10 which would require somewhat less accura-y to fabricatioo.
The system ajain rV~ides sealing as a result of the utedging action
Introduced udien the load Is applied to the door. In this casea a toper*#
piece of ksrdwara Is attached to the doer along the edges. This tapered
piece comes Into contact with a second tapered pliece cast as an Integral
part of the door opening. Either one or both of these tepere pisaces
can be installed with a neoprene or butyl gasket attached to It. The
Necessity for this latter Item can only be determined on the basIs of

-1 4.



"the accuracy which can be required in the fabrication of the door and

* . in the construction of the door opening.

It must be remebered that this particular system could not

be used on the vertical side of the door nearest the hinge. On this

* side of the door a system similar to that presented in Fig. 2.10 would

be required.
. Although this latter system has .many advantages over all of

*, the others presented it has ono serou's:dlsadvantage which must be

considered. In this ctse the support for the door during the positive

phase of the loading is provided directly by the sections attached to

the door and the structural elemnt cast into the door opening. There-

fore., the connection of these elements to their respective partners must

be sufficiently strong to resist these load Intensities without failere.

(e) Suppo t and Rebound. These tw Item are discussed
together because of the manner in which they are Inter-related. For doors

which are mounted on the outside of the shelter the support for the

positive phase is provided by the bearing of the door on its supporting

surfaces. However, rebound and negative phase wuld require a separate

Ssupport system. This support system must be designed to that It will

rnot yield, since any yielding would probably destroy the seal provided.

For the positive phase the only r4quirement Is that the struc-

ture surrounding the door be deslgned and reinforced to resist the

maximum load which the door can resist. This requirement would mist

certainly result in an Increase in the amount of reinforcement In this
region sM might possibly require an increase In the thickness of the

concirete in this area.

In order to provide for the rebound or the negative phase the

* -supporting mechanism should be designed for one-half (1/2) the peak

pressure during the positive phase. As mentioned above, support for

this type of loading must be provided separately. Such a support

system can be most easlly provided by a system of dogs or bolts or

pls. The simplest system whilch would involve the least cost and the

least accuracy In fabrication would be a system of dols similar to those

show In Fig. 2.12. These dogs provide a wedging action and. * aSuch#

• ° a[
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pull the door Into position to,-provide sealing dvrlng both the positive L.
t • and negative phase of 'tho loading. •"

The next system which might be employed* iu Goder of Increasing

aC4""acoquired, would be a system of bolts. It the cases where the

"door does not extend to the Inside face of the supporting structure It

"Is necessary to provide a suitable exteasion In order that the bolt viii

sl9de and bear on the Inside face of the supporting structure.

SA pin, as used herein, Is simly a bolt-which extends Into a
hole provided In the supporting structure. Such a system necessarily

requlres greater accuracy to alignment of the door sad the supporting
S~structure In order to Insure that the plus will meet the holes provided

with a minilm of tolerance. The tolerance must be kept to a minimum

because of the necessity of providing for adequate sealing during the

negative phase.

The syste enumerated above cam be activated singly or as a

unit. An automatic system similar to that provided am a safe door Could
be provided In such a manner that all melts became esgaged simultaneously.
Such a system would, of course, add to the cost of the door mechanlim

In proportion to the accuracy required.

For any of the Items mntiomed A•bo.-tot less than six such

dogs or pins should be provided for amy *ne door. Utoes should be

distributed in such a manner es to provide tw, along each long dImensIoN

of the door and one along the short dimaslon of the door. It would

be preferable if the supports are placed not more them 2 ft. tenter te

center In order to preclude a local broakdown In the *ealing provided.

For the case in whlch the doer swings Into the shelter area

the problem Is camplicated only to the extent that such unmuasaical

* .V system must provide for the positive phase. For this reason their

design end operation would be wre critical and a foolproof system

would be required. Under such circumtances It would probably be

preferable to provide a system bhereby * single operation would engage _

* " .ol of the dogs or pins. The total c•eclty of the dog or pins

provided should be such that they would wot yield at a load equivalent .

to the yield capacity of the door providad.

• i4
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(f) Door Pesig. There Is no particul~ar Alstinction

between the two types, of support excopt for those mentioned In connection
w~th the systems necessary for support. No particular di-ff'culty Is
anticipated for this itmi* but strengthening features around the
pin locations or the dogs will probably be required.

(g) Psycholo-gical spects. Some parts of this problem
have already been discussed tos connection with safety and those mentioned
above are certainly the ,aost prominent. The only other problem from this
standpoint Is in connection with the requirements for opeuing the doer
when exit from the shelter Is possible, In the case there the door
swings Into the shelter there Is no difficulty.. However. for the case
io which the door swings into the entrance corridor the possibility
of Jaming the door by people trying to enter the shelter-is increased.

3) Slitding Ooork. This. particualr system of door closure Is
more difficult to evaluate because it has such distinct advantages as
vall as disadvantages. The use of this typo of doer closuare wouald be

:;' a

dependent primarily on the extent of maintenanc during exended perioda

of Inactivity.
(a) "-Ost. MWe Initial cost of mechanical systems for

this type of door say be very slightly higher than for the other system.

Hownver d this d ifferewce In cout will in oFet respects be outwighed by

other considerations. In term of cost of the door itself t.re would

be little, If aoy, difference betwean this type of door end the hinged

typo.
"(b) Ssfey. Consideration of this Item Indicates that

the horieantal sliding door has distinct advantages over the vertical

siUding door, The horiontal sliding door would be some. f slower

"in Its response to the signal to clote unless some mecnical system

was Installed. f oors designed for the pensures considered In this eport

would not be extre nly heany end, If provided with a sufficient number

of rollers. the ooemnt of horizontal sliding doors should provide n o

difficulty. The vertical sliding door , on the other uodr althoughI
positive in its response to gravity huld Ne considerably sno dagerous

and would r uir6 some botfinl system at floor leel.

.', his ype f dor am be ~ry !!ghly hgherl~ha forTheohrsses



OI

Sec. 2.05 44
* (C) la Ths iter requires that we dlsttngutsk I

between doors %&Ich slid. .on the Inside or on the outside of the

shelter. For doors which slide on the outside of the actual shelter

entrance sealing for the positive phase can be occomplished by a

passive system of relativety simpre deasrgn. Frovtsron for adequate

sealing during rebound or during the negative phase would require as

"active system as welt as consideration of the magnitude of these two

Item.
In the case where the doors slide Inside the shelter. ective

sealing would be required for the positive phase wAile the rebound and

negative phase would be adequately provided for by the passive sealing

*, provided by the same system used previously. Since active sealing

mechanisms are not easy to design and are subject to considerable

difficulty In operation It Is more reasonable to provide some system

.vereby sealing can be accomplished In eli cases by passive systems.

tecause of the deformatlons expected to occur In the

"structural systim of the door and because of the dependence of the

sltdinc operation on the geometrican configuratiot of the door It Is

Snecessary that consideration be directed first to the problem of

guaranteeing the sliding action even after severe dmage to the door.

"This is most readily accomplished by framing the door In the manner

shown in Fig. 2.13. In this diagram we have shown the structural door

framed within an assembly of channels. The size of these channels Is

chosen so that the dimension 14 Is greater than the uexmxum doformotlop

ewpacted to occur In the door. Even If this deformation should occur

the door would still be operable since all clearances provided vill bt

such that they will be able to accomiodate the dimension I'".

The location of the sliding door may vary and three likely

Iocdttons are shaown In Figs. 2.14, 2.15 and 2.16. if there Is a turn

"within the entrance tunnel, the location showe In Fig. 2.14 has several

advantages. It IS out of the way and lo"4 not Interfere wlth any other

operations. It also may enlarge the capacity of the shelter by providing

protection Within the corridor Itself. The mechaical system Importa"&

L* -c
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to Its operation are easily accessible and therefore can easily be
examined &ad maintenance, operations carried out with a minimum of
effort. Finally, part of the suppo~rt Is provided by the corridor %all
and only o"n auxiliary column is required.

TMe location shown In Fig. 2.15 has the advantage of providing
a layout whereby the sealing operation Is easily accomoated by passive
systems for both the positive and siegattve phases. This system has a
number of very serious disadvantages which restricts Its use, to those
situations in wh~ich no other system Is appropriate. First# maintenance
Is extrmly difficult:. If not Impossible since the door Is stored Is
a slot provided tbetween the corridor wall and the shelter well.
Secondly. and very Important. Is that this appendage to the entrance
tunnel prot.Ided for storage of the door presents serious problem with
respect to Its design. Finally, there Is the problem that In the event

debris gets into the chmnnal In which the door rides or In the cavity
in which it Is stored It say be Impossible, to open It %*an "xit from
the shelter becomes possible.

The final location to be considered Is actually In the shelter.

This system Is very similar to the system shown In Fig. 2.14 io that MIL
of the mechanism Is qaite accessibl*. however, as show n to ig. 2.16.,thi.
Particular arrangemeot requires two columns for support during the

Positive phase. It Is preferable that these COIUamn be such that this
load Is not transmitted to the %halter Itself.

As mentioned tarlier In this discussion active seals aee
difficult to provide and som.ewhat uncertain In their operation. -

Con~i4eration msot therefore be given to means for providing passive

seals to accomplish the ntecasibry Isolation of the shelter. for the
case shOWN 144 Fig. 2.15 It has been polntW' out that this Is take* care
of automatlically and stal of the type, shown In Fig. 2,08 will suffice.

It Is necessary to add some additional mechanical system to
the door% io the case of the configuration shova In Figs. 2.14 &Md 2.16.
A relatively simple aftd Inexpensive system wi~eraby this "an be accomplished

Is sketzhed In Fig. 2.1?. in this system the main structural door is
attacked to a (ra of Channels W~ch Im turn Is conaectedi througha
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series of elongated slots to a second frame of chanbels. The door can

now be moved In such a manner that It Is forced Into position with ame

channel frame compressing a passive seal against one face and the other

channel frame compressing a second set of passive seals against the other

supporting face.

Movement of these channel frames can be accomplished To my

of several ways. A series of screw lacks provided around the perimeter

would permit th* channel frames to be extended until adequate sealiw4

had been provided. This particular system would be a little slow. A

better method would be to provide a wedge In the form of a cam which

when rotated approximately 90 degrees would force the door Into position.

The final system, which Is the most desirable, but also the mst

expensive, incorporates a pre-pressurized hydraulic or gas operated

system connected to a set of jacks around the perimeter of the doer.

Such a system would have four distinct advantages. First, it would be

quick acting and would require movement of a slagle valve In order to

actuate the system. Second, the pressure within the system would be

capable of correcting for any deformation which might occur It the

primary supporting structure provided it Is not excessIve. Third, m

auxiliary hand operated system could be Incorporated to permit operatles

of the system In the event of a loss of pressure. Finally. pressrem

within the system could be removed by bleeding off some of the gas Wr

hydraulic fluid. This system therefore Incorporates all of the mose

desirable features of a sealing system.

(d) Supeort and Rebound. It has already been show n

the support system could be provided. For the case shown In Fig. 2.1%.

conventlonal procedures of designing for bleast loading would permit
calculation of the requirements for relnforceimet needed.

In the cases shown In Figs. 2.14 and 2.16 it is also relatively

* easy to provide support and conventional procedures can be used. %*Myer,

In these cases It Is necessary to design the supporting columns for the

positive phase In such a manner that little, It any, plastic defonmtio•

results. This requirement must be reviewed In the light of the system

provided for the proper operation of the seal.

*i
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(e) Door jjq. Sliding doors offer Some advantage

over the hinged doors since they are supported on all four edges.

Noweveor In view of the extremely light constructton required for the

pressure levels being coasidered It is doubtful that this particular

"Item kould provide a substantial saving in cost.

(f) Psychological Aspects. The primary advantagme of

the stiding door system Is that the entrance tunWel rs completely
S.unobstruct•d by any part of the door Itself or by any hardware associated

with Its operation.

2.06 OPERATION COINCEPT

As has been previously discussed, many factors other than
* technical design considerations affect the selectlo#w of an entrance

system. Some of these are psychological, while others have to do
solely with the operation of the shelter Itself. One of the factors

that muSt be considered is the actual opening and closing of the shelter

door Oi' doors. Who, %ihan and how? The answer to the fi rst must rest
with the preoccupancy planning. The answer to the other two 4E not

as simple.
In the first place It Is unreasonable to e"pect that all or

even a large percentage of the shelter occupants will arrive at the

same tloe. The question "Should the door be opened and thereby endanger

Sall utO already are in the shelter?" must be answered. The only means

by which those already In the shelter can be protected when the door
is opened If by the Incorporatlon of a double-door Interlock system0
"in which only one door is opened during the ImInent danger period.

The major disadvantages are that the Interlock system will slow down

the Ingress rate when one door Is closed and that the cost will be
increased. Such an Interlock system could have one exterior surface

door &nd an Interior corridor door, or havo two Interior corridor
doors with the corridor element between. There is no analytical means

of deciding whether or not to Incorporate en Interlock system. It must
,', be resolved solely by weighing the advantages and dis3dvantages for a

particular case.

*** * * * * **t"*
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Ose of the other problem related to the entrance system Is
the means menual or mechanical. by which the door Is closed. Under

some circunstanc~as. such as with a heavy door. there can be so question

but that a mechanism must be used to close the door. It may be a simple,

jeck or a lever or a block and tackle. but It Is still a means of
obtaining mechanical advantage. to general any such mechanism will

II * tead to slow the closing and opening operation. ft tNo the addltlonat

disadvantages that the mechanism must be maintatned to operable

* condition and that the person operating the doer my or my not be
able to retain direct control.

HerIal operation has the advantage of simplicity of detalIs

and better operator control.
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CHAPER 3. DIMENSIONS AND GEOMETRV,'OF ENTRANCE SYSTEM

3.01 INTRODUCTION

in this chapter, the dimensions of entrance elements and the
combination, f tme. &I-emonts Into poss4&1* geometries or systems ar*
discussed primari ly f rom the point of view of traf fic, safety'and of their
reationship..to traffi~c flow. The effect of these dimensions and geomet ries
on blast loading and radiation levels Is discussed In Chapters 5 and (6..

3.02 DIMENSIONS OF ENTRANCEr SYSTEM ELEMENT
As stated previously. the criteria used In the selection of

recommended dimensions are maximum traffic safety and flow under conditions
of emotional stress conducive to accidents or panic. Since shelter experi-
ence is not available. at least In terms that are immediately applicable*
the dimensions are derived from the comparable conditions which dictate

the design of exits from places of assembly, taking Into consideration the
* differtnces In traffic direction discussed to Chapter 2.

The dimensions and restrictions recommended below have been
standardized over the post fifty years and thus comply with all building
codes. However, In order to reconcile the small variances existing between
local ordinances the model code published by the National Fire Prot~ction
Association (Ref. 3.01) has been used as a guide.

In this mudel code, the basic concept governing the width of
exit elements# ioo*$ doorways, corrIdors, stairs and ramps, Is termed the

% unit of exit. It Is fixed at 22 In. and defined as the space necessary for
the free passage of one file of persons. Exit elooents are then described
In terms of number of units, e.g.# one-unit doorway, two-unit hallway* etc..
Additional fractions of unit are considered useless except that an Incrommot
of 12 In. Is rated as a half-unit because It Increases flow capacity by
permitting an Intermediate staggered file; e.g.. a 34 In. wide opening becoe~s

* a one-and-a-half unit doorway. Since the unit of width concept Is based
r on the minimum dimensions allowing free traffic flow, It Is applicable to

either exit or entry. It Is recomamended, therefore, that It be used io
* ~the design of shelter entrances and has been so used in this study.
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The following recommaded dimensions and details have been

Incorporated in the axsmple design Included In Chapter 9.

1) orwan The maiinium width Is the unit of width. 1.e..

22 Ijo. measured in the clear except that total projection for jamb does

not exced 2 rt. and, for ratts at warst h1ght, S WZ tn., thus reduelng

minimum unobstructed width to 20 and 18 1/2 in. rempectlvely, the maximum

allowable width of single leaf door Is 44 In. The minimum headroom Is

6 ft. 6 In. In all exit cod" the swing of thk ioor Is specified to be In

the direction of the traffic which, for exit systems, is outword, In order

to prevent obstruction and casualties. For shelter system, the flow of

emergency traffic, conducive to panic or casualties, if undue rimtrIctloa

occurs, Is Inward. Everything being equal therefore and on the basis of

past emergency experience, the door should be designed to swing lnaward

since exit from the shelter Is not likely to demand wximum traffic flow.

.owever, the swing of the door entails structural, problem Ta connection

with the blast loading, the response of the door and the Jamb or fram

details. Provisions for shelter management will also affect the ultimate

direction and system of cloture. These factors are discussed Is other

"chapters.
2) Wr4drs. The unit-of-width concept is applicable for

"corridors, except that the minimu. allowable width Is 30 in. Total

restriction of 2 In. for Jambs and 3 1/2 In. for ails at %*iot height

are allowed. thus reducing minimum clear width to 28 In. and 26 1/1 3a.

"in the clear. One waist-high handrail must be provlded per unit of width.

"It is recommended that the minimm unobstructed headroom be 7 ft.-O In.

for corridors of two-units or less and for 8 ft.-O it. corridors wider

than two-units.

3) L . Allowable width. headroom and handrail specified for

hallways are applicable to ramps. The maximau allowable slope Is 10 percent
'*'."(IP in lOs).

c 4) eplh The unit-of-width concept Is applicable for stairs

Sexcept that the minlim allowable width for a single stair run between two

"solid walls is 30 in., and the minima. width for a double stair run

"- *
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separated by a railing and housed In a single stairwell between solid

walls Is 48 In. Total rail projection Is not to exceed 3 1/2 In. The

depth of landings must not be less than the-allowable width of the stair

.r"n. Iight between. landina must.wmt exceed 8 ft-6 in.

Local codes regarding allowable dimensions of risers and runs

(treads less nosings) are by no means uniform but the variances are not

st•gilfIcant. A maximu. riser height of 7 3/4 in. and a minimus run of

9 1/2 In. plus 1 1/2 In. nosing Is recommended. it must be emphasized,

however, that good design practice tends toward a slope less.steep

than the maximum allowable, that the stairs are the mast critical element

of the entrance system from a traffic point of view, end that the extra

* cost to obtain maximum traffic safety Is trivial.

% " 5) S . The dimensions of the entrance system elements are

summarized In Table 3.01

3.03 ENTRANCE TRAFFIC RATES

I) eneral. The traffic capacity of the 22 In. unit width

recommended In the codes oi the National Fire Protection Association are

given as 60 persons per minute per unit for a level doorway or hallway and

as 45 persons per minute per unit for a descending stairway. These rates

are stated to correspond to an evacuation time of I minute 40 seconds,

exclusive of the time necessary for the first person to reach the doorway

and for the last person to reach safety. 'Accordingly, for an exit system

composed of horizontal elements and a stairvay, the letter rate controls

the rate of the total syrtem. A balanced system therefore requires at

least a I unit doormy with a 1 1/2 unit dtairway or, better still, a 1 1/2

unit doorway with a 2 unit stairway. The samw proportions apply to rmp%

viose slope are 10 percent or steeper.

All the available data relevant to personnel traffic on ulch

those codes are presumably based were reviewed end analyzed In a study of

military shelters by Armour Research Foundation (Ref. 3.02). The amount

of data is not large and consists of measurements of many different condi-

tions Including fire drills In schools, sidewelk and cross street traffic,



rush hour flo4w at ratIlroad and sulirey stat Ions. stadium crowds, ad hOC

studies of stairs. ramps anA bellboys, etc. -The test procedures alse
vary widely and all the factors affecting the, results are not adequately

reported so that the derived traffic rates by wo means express the full

potential capaclt7 of each "yp of passagetuy under conditions of trafffic
stimulated by the approwac of danger. Nevertheless, once reduced to
conparable criteria the data are-fairly consistent, without undue scatter,

sod very likely quite representative of the random character of undsciplimed
civilian traffli; and of the unpredictable, conditions which irsy exist at

alert time.
Purely qualitative and daily observations, .4terever congentrated

traffic occurs@ show that traffic rates are directly dependent on both

* velocity of motion end density of traff ic. ileximum flow occurs at
"rlatively low density where each person Is separated In tho di1rection
of motion by at least the length of a full step and at relatively low

velocity. W~henever the objective of the traffic tests Included velocity
and density measurementso the results quantitatively confirm the randomn

* observat loss.
2) S~tai~rs. tonsidering first the problem of descending stairwey

troffice, which Is Megt cases will control the overall rate of shelter
sat ry, past tests show average f low rates rangi ng from 20 to 53 persons/mait

width/minute and a mean rate of 32. Peak rates have been measured at 62

and corresponding velocities range from 1.32 to 2.2 mph. Nor* emacrste
sad meaningful tests have been conducted In Paris and London. Using ft ft-

* me as subjects, the Paris Fire Brigade measured trafflc rates on dascendlng

stairn of 51 persons/21 In. unit width/minute for normal walking pace end

of 73 for hurrimod pace without pushing. These rates# obtained withb trained
and disciplined smn correspond to opt imum density of about 8 sq. ftJ
person and velocity of about 3 mph. The London Transport Authority has
monducted a number of tests and published suggested traffic rates for desigs

purposes of 38 persons per unit Per minute with corresponding density of
6.5 sq.ft./persoa. Armour Research Foundation (ftef. 3.02) on the basis of

the Paris and London data computes a possible peak rate of 80 persons per
mait per minute for.a velocity of 3.90 Mph and a density of 8 sq.ft./persoe,,
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'The traff ic rates averaged from the data on stai r descent are lower than
thsos recommended by the National Fire Protection Association (Ref. 3.01).
ill'mver, the peak rates based on higher velocity and more purposeful
traffic direction, are much Lht1W.

Considering the quality of the data and the design roqulirmntso

am average rats of 40 persons and a peak rate of 60 persons/unit widtliper
slnute. corresponding to an opt rmam dens rty of 6 to 8 square ft. per

besnhs been used In the IllustrativeeameofCptr.

3) Corridors. With reference to traffic rates through level
corridors and doors, the most comparable and significant masauared rates
are tabulated as follows '(Ref. 3,02):

Cbseratilon PersonsZ22 In. unitwdhint

Rachester, N.Y. fire drills

Average rate 40
Peak raet.7

Railroad station rush hour

One Minute flow 38[
aritish fire drills

Average rate 47

Paris fire drills
Norwel walking pace 35
Horried pace without pushing 48
Hurried pact with pushing 6

London Transport Authority (osTest)

Average rate 40-SO
Peak rate 70490

London Transport Authority (passengers)
Average rate $6
Peak rate 70

7Me Armour Research Foundation (Ref. 3.02) analysis of the above
data shotws that peak rates occur at densities of 8 to 10 sq. ft, par person
and that average rates can be expected with densities up to 4 sq. ft. per
person. At higher densitieso say 3 to 2.5 sq. ft. per person. the choke
point Is reached and traffic stops. Peak rates correspond to 4-S mph
velocities and average rates to 1.5 2 pso.



As In the case of stair traffic rates. the level rates derived

from actual measurements differ somewhat from the design rates specified

in the National Fire Protection Association codes (Ref. 3.01). The test

data suggest recommended average rates of SO persons and peak rates of

70 personsfunit/mtnute. These rates bracket the code exit rates and are

consistent with observed differences betteen level and descending stair

traffic.
4) ps. The effect of sloping ramps on traffic Is not pro-

nounced, nor are the measurements reliable. Expressing the descending

ramp rates as a percent of level traffic. Armour Research Foundation

(Ref. 3.02) estimates these rates as follows:

Level hallway 100%

S% raim 99

10% rmp 97

12% ramp 93

These adjustment factors for ramps appear quite small and their

Implied accuracy too fine to have any design signIfkance. RaPW traffic

rates should therefore be consider"d as equat to level rates.

5) ,CEL Test. A unique test of shelter entrance traffic Vail-

dates the traffic rates discussed and rocoawended In the preceding

paragraphs. The test was conducted at the weva! Civil Engineering Laboratory.

Port Hueneme. California and used the standard Navy buried arch shatter.

The entrance of the Navy shelter Is a 45e above-ground steel

hatch opening on a 24 In. wide stairway with a 450 slope (9 in. risers a

9 In. treads). The stairway opens straight Into the shelter in the

direction of thte long axis. Navy personnel were ordered to enter the shelter

at ordinary military pace. without hurrying and observing lorderly"

behavior. The men came from stations 100 ft. to 200 ft. distant and

converged on the entrance without producing any walting queue or bunch et

"the hatch door. The rate of entry was 40 men per minute. Photographic

Srecords show an average spacing between men of somewhat aore than 3 ft.

corresponding to a density of about 8 sq. ft. per man, and to a velocity

of about 1.7S mph. According to observers, a more hurried pace would have

been possible and would have resulted In a highier peak rate.



ee,. 3.04 '

3.04 GEO•IETRY OF ENTRANCE SYSTEMS

, "A nueber of system geoaetries are possible which variously

combine the depth (stainay or ramp), landing, corridor, or door

elements, that will provide a satisfactory solution to the set of

restrarnts or requlrements of a partrcular shelter.. Such confTgurattons

will usually begin with a depth elament leading from the ground surface

to the level of or above the shelter, thence to a corridor to the shelter.

These way take the basic form of a straight line, an angle. a 1 or
a 1V (Fig. 3.01) or a cobinatlon of aay of these basic types (Figs.

3.02. 3.03$ 3.04, and 3.05).

1) General Considerations. In determining the geometry of

an entrance system, the fo~ll.in9 must be considered:

(a) In order to minimize the radiation contribution

through an open stairwell, the stainwell should be as narrow as possible

and as steep as possible consistent with building codas.
(b) In order to mlalmize the radiation contribution through

the roof of the entrance system It Is necessary to descend to the level
of the Owlter proper as qaickly as possible. A larger overhead mass

*,". thlckiwss may be attained i a shorter tiee with a steeper strlnay.

(c) la order to increase the radiation protection a*d to

prevent the blast wave fram we-fiating as an Ideal shock front, several

alternating short lengths of corridor and goo bands are desirable.
i'•(d) Additional corridor length attenuates both prompt

Seema end neutron radiatioa end residual gia radiation. Mowever, a

"langth of straight corridor on the order of S to 10 corridor d4iters

will peralt the blast wave to reconstitute Itself.

(a) Turns end corridor lengths. while beneficial fron the

blast and radiation stantdoiotq reqvire additional real estate@ excavation,

matorialso etc.
(f) If entrais elliats are oriented go° or greater apart

i from one another, the possIbility of a burst being directly In line with

more than one opening Is elliinated.

"adte s. (9) uilding codes reqlrements as to widths, risers

and treads, heights of corridor. heights betiwee landings. waboers of
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exits, etc., must be considered.

2) Straight Line Entrance. A straight line entrance (Fig.

3.01) has the advantages of simple foming and construction and of being

particularly suited for a long, narrow site, e*g.. under a hiklhiay.

However, in addition to the disadvantages of requiring an excessive

amount of real estate and long excavation, it affords relatively minor

blast and radiation. protection. Further, it may have a psychologicul

drawback In that people entering. the shelter are staring down a long

tunnel.

3) IV" Entrance. At the other end of the spectrum from

the straight line entrance Is the IV" entrance (Fig. 3.01). Not only

does such an entrance configuration require such less space, thus

permitting Its use In restricted areas and requiring much less excavatiom,

it provides the optimum in blast and radiation protection. The short

lengths of corridors and 900 bends provide excellent attenuation for

the radiation and prevent the blast wave from reconstituting. Likewise

from a psychological stan4point. the leogths of the Individual corridor$

are relatively short and do not give the appearance of unending tunnelS.
4) An.gled and '1Z" Entrance, Intermediate betwoen t•h straight

I Ine entrance Amd the It" entrance are the angled entrance end the

"Z" entrance. These entrances require at least the sees or possibly

more real estate than the straight entrance. Although they provide more

radiation and blest protection than the straight line entrance, they

In general will provide less radiation and blost protection than the

IV entrance.

S) Combinoti|" of Ousic Entrance TypSe. The capacity of an

individual shelter might requlre the coination of the basic entrance

types for one entrenceseay. For Instance, for an entroace of several

unit widths, it may be desirable to use several smaller depth elemnfts

feeding Into a common corridor element. Likewise It might be e4sirable

* to have a single depth element of several unit widths serving several

shelters by means of Individual corridors after the depth elent.
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(a) tiultipTe Depth rrements. SA. example of muttipte depth

elements entering a cowmon corridor leading to a single shelter is

"Illustrated in Figs. 3.02 and 3.03. By separating the depth elements,

congestion at the surface may be reduced. By orienting the depth elements

"1184° the radiatloa contributia through the entranceway Is r*inced.

"(b) Hultiple Shelters. Examples of single ontranceways

, serving multiple shelters are illustrated In Figs. 3.04 and 3.05. Such

entrance configuratlons mlght be dictated by restricted real estate*

particularly In the case of shelters In the basement of buildings

surrounding a court yard.

* -

ii

S
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SAKE 3.01

DIMENSIONS OF ELEMENTS

.~DIKiEN5101S

ELEN M WIDTH HEIGHT

Doorway

mtin•mum (one unit) 22" > 61-6"

.- hax imun*(tw units) 44"
S

* Corridors;
300 > 74-30" (loss tha

44"0 width)

> 81-O" (nore than
"44" width)

Stairs***

" Single 30" < 84-6" between landings

Double 48"

*Single leaf
**Also ramps with less than 10% slope

***Risers < 7-3/4"; run > 9-1/2

Balamed Systems:
#1 1. At least 1-unit doorway (22") with 1-1/2 unit stairway (341).

2. Better is 1-1/2 unit doorway (34") with 2-unit stairway (44').
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CHAPTER 4. VENTILATION SYSTEM"

4.01 INTRODUCTION

The prime objective of this chapter is to discuss and state the

specific assumptions mnde In relation to the ventilating system. Although

all elements of the ventilating system are Included, they at* discussed

only as they Influence the air Intake or exhaust structures. including blast

Al valves,

4.02 ELEMENTS OF VENTILATION SYSTEN
Any shelter which is to house a large number of peopie in

minimum space must have a forced air ventilation system. As a minimum such

* a system wiuld consist of air intake and exhaust passages awl a means of

forcing the air to circulate. As both the pressure and size of weapon for

which a shelter Is to provide protection Increase, the ventilating system

becomes more complex. For the pressure levels and weapon yields considered

In this report the miniium additional equipment required woold be a blast

valve or mechanism for restricting the flow through each ventilation

passage during the period that the shelter is subjected to high pressure.

If It Is economically feasible to provide a higher level of protection,

both particulate and gas fIlters should be added to the system. Although

no consideration will be given In this report to the possIble requirem~ent

for filtering chemical and biological warfare agents from the Incoolng air,

It Is believed that provision should be made In the design of the ventlle-

tion system for future Installation of such a filter unit.

For community shelters, In hilcb large numbers of people are to

be accommodated It Is Impractical to consider mnnually operated air handling

units such as those recoemmended for family fallout shelters. The limited

capacity of this type unit would require that a large number of them be

Installed. thus Increasing the problem of protection against blest and the

* maintenance requirement. In addition, the operation of such units would

Increase the buildup of C02, the rate of' oxygen depletion. &d the buildup

of heat and humidity within the structure, thus Increasing the ventilation

requIremmac. The labor expended In the manual operation of these units



would require that more water and food be furnished than that requ Ired

for survival uinder the assumed conditions or planned for commitity

shelter stocks
Air handling units wh*ich are driven by alectric motors would

be smicf mre rstisfactMr than manually operated units.- A source of

eleactrical power Is required for lighting the shelter and this source
should be of suf f icent -capacity to provide- power for the motors. The

electrical power could be provided by the noreal electrical distribution
system during periods of preparedness before on attack. However. It must

be assumed that the normal source of power would be disabled by any attack
and an emergency source of power must be provided. The most practical toy
to provide emergenacy power would be with gasoline or diesel motor-generator

0 sets. All combustion engines require large quantities of air for both
cooling and the combtustten procest. The location of such an emergency
power systom within the shelter would Increase the total volume of air

whuich the shelter ventilating system must handle by ar. order of magnitude.

The location of the emergency power unit therefore greatly effects the asoz
of the ventilating system required for the shelter.

When Power operated air handling units and filter systems are

utillozed for a shelter the limitation on the pressure buildup w~thin the

ventilating system becomes much more stringent, Both of these types of

equipment cannot be subjected to large shocks ar sustained high pressures

which would disable them. To prevent such high pressures from being applied

to this equipment It may be necessary to add a plenum or expansion chamber

between the air duct and this equipment. Such a chamber would provide a
volume Into which high pressure air entering the system before the blast

valves have closed completely can expand to a lower pressure vwhich would not
damage the f Ilters or ai r hAndl Ing unit. The size of the plenum chamber

reqIred Is dependent on the pressures that the combination, of filters crA
air h~andling units chosen can withstand. and the peak overpressure ewd dura-

* tio. of the shock which "leaks by' the blast valve before closure. Very

s imple baf fle system between the bla st valIve and the f IlItars can be ut IlIzesd

to create a turbultat f low which will prevent large Wek pressures IFrom

100i09i0g on the filters. The buildup of the average pressure within the

chaber is dependent on the quantity of air which comes through the Intake
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duct while the valve Is closing and the volume of the ch~oar. Estimating

the pressure upstream of the valve and the closure characteristics of the
valve, the maximum pressura but Idup within the plenum chamber can be
computed to suff Iclent accuracy assuming, &.reversible adiabatic process.

These same methods can also be used to estimate the buildup to the pressure
within a shelter due to leakage of air through the various other openlngs
Into a shelter such as the. cracks around the edges of blest doors.

A ~~~4.03 INTAKE ANt EX)AUT STRUCTURE

For the purposes of this discussion each air Intake or exhaust
structure Is assummd to consist of the duct and the structures supporting

*both ends. The s Ize of duct requi red to provide for the minimum -acceptable
* air flow for the personnel occupying a shelter Is reasonably small. To

provide three cubic feet per m~nc ý:e per person a duct only 6 inches to
diameter would be required per 100 occupants. If 16 cubic feet per minute

per person were required the duct size would only increaso to 14 Inches.

The choic* of the minimum acceptable ai r flow for any given shelter Is -

dopendent upon the choice of the maximum acceptable effective tempratuare
and the climatic variations in the geographical location.

The complexity of each Intake or exhaust Is dependent up"n wimther

It Is built as an independent unit or ircorporated 0s part of the entrance

systao. for those Intake or exhaust passages whi~ch lead directly f rom the
shelter to one of the entrance passages tie only requl remnts are that the

proper six* passage be provided through the we)' of the shelter *ad f longes
be provided at each end for the Installation of protective baffles or blest

valves. Of the duct leads f rom the Interior of the shelter to the ground
surface 3ufficient bends wist be provided io the duct to give protectioo
against direct penetration by the inItial radiation and the exterior end
of the duct must be protected against tho normal elements of the weather,

as well as the high overpressure and debris that would exist at the grxund
surface from an explosioo. The size of the protettive structure at the
end of the ducts Is not large anid It need not be very complex. Such a

structure should rise above the ground surface only a sufficieftt distance

to preclude the entrance of debris and ratio or snow, Sveal previous
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shelter designs have incorporated the blest valve into this supporting struc-

ture. The location of the blast valve at this point complicates any provision

for operation of the valve from within the shelter and raises the possibility

of unnecessarily exposing maintenance personnel to high radiation If maInte-

nence rs required after an attack. Therefore. It Is recomended that the

valve be located on the Interior end of the duct so that It will be protected

from the normal weathering and be more accessibTe for marntenance and manual

operation. The location of the blast valve at the Interior end of course

precludes any complication In the supporting structure required at the

exterior end. Such a structure could ronsist of a heavy pipe extending above

the ground surface with a weather protective head or a pipe extending Into

a cavity In the center of a more massive reinforced concrite and steel

structure vklch would provide protection from the normal elements of the

weather and also give better protection from the high ground surface over-

pressures, dynamic pressures. and flying missiles. The normally available

rigid pipe or flexible pipe will be adequate for the ducts for the overprs1-

sure levels being considered.

The location of Individual Intakes and exhausts will be dependent

upon the overall configuration of the shelter entrance system, In any event,

advantage should be taken of the entranceway configuration as a means of

providing both radiation and physical protection for some of the ducts. If

sufficient entrances are available all Inlet and exhaust passages should

terminate in an entranceway. Aahere sufficient entrances are not available

the Intakes should be placed in the entrances In preference to the exhausts.

This recommendation Is based on the cAosideration that subsequent to as

attack there i1 less likelihood t At an entrance would be coaletely blocked

by debris than would a separate ground surface protective structure. The

velocity of the air through the entranceway also would be much lower thee

in the duct and there would be less likelihood of drawing radioactive

particles Into the shelter.

4.04 EI4EAGEKCY POWER PLANT LOCATION

The operation of any emergency power plant which uses gasoline

or diesel oil as fuel requires a large supply of air. This air Is needed

both for the comustion process end the reoval of the heat ejected by the
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motor. The voluae of air requfred Is large compared to that needed for

the sheltered personnel by an order of magitude. In a shelter for 100

people the power source would require at least 3,000 or 4,000 cubic feet

of air per minute. If the generator set Is located within the shelter

proper this air supply would have to be provided through a duct systeis

almost as complex as that required for the air supplied for personnel.

Although locating the power source Inside the shelter proper would make It

accessible for maintenance and thus smemlat more reliable, the increased

costs and size of the additional ventilatloo facilities required say be

prohibitive as compared to other solutioms to the problem.

If, the motor generator set Is located exterior to the shelter

proper, the total power requirement may be decreased considerably and only

the air required for the comfort of personel needs to be handled by the

shelter air handling units. U.hen !ocatleg the generator set exterior to

the shelter proper it could be housed I* an Independent protective strut-

ture or It could be provided with nomiaol protection from the direct forces

of the explosion. If the power source were installed In its own protetivae1

shelter two possible methods of protection could be used. Large Inlet end

exbsust pasages could be provided whica would *ch have 0 blast valve

to i laut the pressure buildup in the protecve shelter or rather simall

Inlet and exhaust passages could be used without the blast valve and the

pressure allowed to build up around the gtaerator. Uhe latter type of

Installation would protect the mgenerator from the applicAtion of rapidly

rising pressures and shock waves. achb of these systeas would require that

power operated air "alling units be otilized to Insure sufficient flow

of air through the structure so that the power unit would not over heat.

*lith the air haedling units being requirWd for this locatloo of the power

source the total power r*quirement *ould not be reduced.

if the power source were located io a relatively unprotected

location such as In the end of an a*t race passage or In an open pit

adJacent to the entrance or shelter, norel air circuiAtloaA could be relied

upon to provide the necessery cooling a"d the air for combistio. This

wauld reduce the power requirveent per shelter considerably and would not

decrease ttOe probability of -urvival of the emergency power system very

isuch If sultable mftor-geterator sets were utilized. As part of past

St:



nucfear test program~ several generators wera subjected to the effects of

high pressure. Although these generators -did Pot always continue to operate
during and after the actual explosion. the damage whichI occurred was usually

minor ta natura. Sy making minor changes In the construction of standard

mot=cmIteatr sets. It 1% Poss.100 tor but M~ sets lh&cb can -WIthstand the

pressures being considered In this report,
Locating the generator In & space prowtided at the end of &I. of

the entranceways, would be more advantageous than locating It In a relatively
open pit. For such a location the pressures and drag forces would bs some-

whdat less than would occur In an open pit and the generator would be much

more accessible for maintenance. However. location of the generator in an
entrancetley does preclude the use of this particular entranceway as a

* possible location for any of the Intake ducts for the shelter. The exhaust

ducts could vent Into the same space which houses the generator provided

that a positive pressure was always maintained within the shelter. If

sufficient additional entranceways were not available to allow for the

Installation of all Intakes In the other entranceways, separate structures

could be used for the Intakes,

4.05 BLAST VALVES

The major operational requirement of any blast valve Is that It

closes before sufficient air volume Is forced through the duct by the high

pressures from an explosion to cause damage to either the mechanical equip-

ment or the personnel In the shelter. Such valves can be remotely operated

by blast, light, or radiation sensors and auxiliary power sources or by the
blast itself. Several valves of each of these types have been tested In the

nuclear test program. Although many of them proved satisfactory for the

specific purpose for whtich they were designed, no single valve has been
comp~letely satisfactory from the standpoints of low cost of manufacture,

low maintenance costs, and reliability. Considerable additional effort Is

required to develop more suitable and economical valves. Shelters can be

* planned and built vhich utilize the presently available valves and better,

more economical valves install~ed at a later date, when they become available.

In general the cloting times required by the rumotely operated

valves are entirely too long for use in the shelters being considered here.
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N ., Several of the bleist actueted valves operate at a sufficiently rapid rate

to preclude the buildup of high pressures In the shelter. To keep the

Initial high pressure shocks which might enter the shelter from damaging

C•Mq•en f iltevr sstos•. plenum at. expansion chambers woud be. r~qutreod. R

If only simple particle filtratlon system are to be used, such plenum -.

chasmbrs way be eliminated by providing a relief section In the duct ahead

of the filters and air handling equipment so that any shocks would be

*.vented drroctly Into the shelter. This section could then be replaced

* and, If tht filter had bten damaged, a new one Installed.
* -New blast valves ihould be designed specifically to fulfill the

requirements of shelters discussed In this report. In addition, possibill-.

S. ti.es other than blast valves should be explored. Certain systems such as

,* , filters Wich are not dmmaged by high pressures and vary In their capacity

to conduct ale in proportion to the pressure across them should be explored..

Several studies of thls nature are currently underway and preliminary

results seem promlsing. It appears that *aterials can be used In such

filtors so that as the blast engulfs the structure the flow through the K
filter during the period of the high overpressure will be low enough to

limit the pressure within the shelter to acceptable values.

References 4.01 and 4.02 summarize Information on the physical

characteristics, operationl performance, test results, etc., of many of the

""presently avoilable blast valves. This .information Is not reproduced herein. 7

4.06 CONCLUSIONS
The following conclusions are offereds

* *1) The air Intake or exhaust elements of the ventilating system

should be Incorporated In the entrenceweV structure Wiere possible.

2) Emergency power plants should be located In an entranceway;

,. however, entrancoways which house emergency power plants should not be

utilized to house Intake elements, but can be used to house shelter exhaust

I.*. elewns.

3) Blast valves should be automatic In their actuation.

- .- ,'-.,.,...*'.-- . . . --...
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N .... CHAPTERS. EFFECTS INPUT .. ATA

5.01 INTA0O4CTI0U

This chapter contwins th mU effects Input data for whlds

the entranccway and ventilation systems must be designed. Included are

the blost effects, prompt suclear radiation, residual nuclear radlatio,-

and thermal radiation. The discussion of all of these effects is relat-ed

to a specific overpressure (50 psi) from a specific yield weapon (1 NT).

* -There may be other overpressures and weapon yields of Interest. The data

presinta4 balow on prompt nuclear radiation should be usd tdth cotloc

for conditions which differ greatly from those assmuea IVa0ver, the

characteristics of the blast wave and intensity of associated thermel and

Ionizing radiation may be obtained from Ref. 5.01 for any specified

overpressure and weapon yield.

5.02 BLAST EFFECTS

1) F. Maving docided upon the Overprossurs level

"and the weapon yield of interest (e.g., 50 psl and I KT are used for

Illustrative purposes In this report) the free-field overpressure vs. time

"relationship can be established. Fig. 5.01 was prepared from data contaln4 All

in Ref. 5.01.

2) Attenut.ion in Tunnels. Since 1958, considerable researc.

.ffort has been expended on the problem of the entry of shock ,.ives Into

tunnels and the subsequent behavior of these waves In various tunnel

"configurations (Ref. 5.02). Unfortunately, very little of thi-s effort can

be applied to the problem at hand because the passages under consideration

are too short to peralt the shock wave to reform Inside. As Indicated In

Fig. 3.1, Ref. 5.02, the shock wave does not reform until it has reached

a distance down the entranctway equal to approximately 5 to 10 tunnel

diameters. However, so" of the basic relationships estr)llshed can be

used to obtain a qualitative picture of what might be anticipated In the
entranceway and particularly what loads may be anticipated on blast closure

devices, such as doors and blast valvqs.

%*. - - - --- .- - .
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Frow Fig. 3.6 of Ref. 5.01. the bax imum pressure which may be

anticipated In the entrsnceway is a fuhnction of the peak overpressure
outside and the angle of incidence between the sbock front and the
opening. At the 50 psi overpressure level the free field shock front
may be assumed to be perpendicular to the Idealized plane In which the
shelter Is locates.

(a) Tortuous Entrance Tunnels* for purposes of ditcuseiom

assume an entrance conf iguration as shown in Fig. 5.02. The worst case
orientation occurs when the shock wave meats the entrance as iridicitad.
In Fig. 5.03, As the shock wave turns down into the entrancewoy One
peak overpressure in the front Is decreased. Upon reflection from the
wallI at the base of the f Irst flIight of stai rs, the peak ref lected pressure

will be somewhat less than that which can be predicted for no IalIncidence

of the free-field shock front.

As shown In Fig. 5.04, prior to reflection from the wall at
the base of the stairs, the shock front will turn the corner into the
secaccd leg of the entrance structure and a vortex will be formed at that
corner. The pressure In the front Indicated as P1 will be loss than the
peak pressurs in the stoairw~ll before the front turned the corner. The
latter pressure, as stated, would be loss than the side-go pressure at
the surface.

Subsequently, the shock wave will reflect from the wall at the
base of the stairs. The pressure P3 will be loss then the reflected
pressure of the free-field front at normal Incidence. Further$ the

*pressure P2 will be less than the pressure P3 . As the reflected front
progresses f urther down thi second leg I t will encounter the vortex
forme~d at the corner and st-bsequeAntly the roflo~tlon of the front W4%h
preceded it. The shock picture then becomes morre confused as It tunes
downm the third leg, so confused, In facts that a*quantitative *elysls

* 13 not possible.

For such configurations It Is necessary to rely on available

data for a decision as to design criteria for blest doora and valves

further down the entranco corridor.
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If th6 shock front wre coming from the direction opposite to

that shown in Fig. 5.03 there would be no reflection from the wall at

the bass of the st~irs and there is some evidence-to indicate that the

maximum pressure In the entrancieway would ba &pproxm!ately equal. ta the

peak side-on overpressure outside (Ref. 5.03).

For othor angles of entry the loading an the various portions

of the entrance structure will vary between these bto extremes, except

that the worst case for the walls adjacent to the first flight of stairs

will occur when the shock front crosses the stairs at right angles. Thus.

each portion of the structure must be designed for its own worst case

condition, or the probability of obtaining the worst case must be accepted

*1 as a calculated risk. In the discussion which follows, the loadings

derived for the various elements of the entrance structure wil4 be based

"on what is believed to be the worst case orientation.

The pressure on any element of the entrance structure is affected

also by the fact that the side-on overpressure at the surface Is decaying

with time. After the Initial entry and subsequent reflections the

"pressure Inside the entrance structure will reach equilibrium, for 4ll

"practical purposes, with the pressur• existing at the entrance. If the

shock wave Is of relatively long duration it is reasonable and concervative

to assume that the pretssure does not decay with time and the equilibrium

overpressure is the peak side-on overpressure.

The clearing time for a tunnel, or time at which equilibrium is

reached; may be approximated by computing the time required for the shock

to traverse the entire length of the tunnel and return. This will be

considered in more detail later.

(b) ShortStraht Entrance T unnels. The entry and
subsequent reflection of shock waves In short straight tunnel sections

has been investigated and Is discussed in Ref. 5.02, Such configurations

* should be avoided because the reflected pressure on the blast closure

devices (doors and valves) can be greater than the reflected pressure
* ,-of the shock front In the free-field at normal Incidence. further. bends

in the entrance tunnel in general are desirable for radiation attenuation.

S ,
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(c) Lc Entrance. T.nmnl Configurations, If for some
reason the length$ of the Individual logs of tho entrance tunnel exceed
10 times the average cross-sectional dimensions, a more detailed study

of the behnvtor of the shock waveida Oe tusnne I posstrne, For them

cases the reader Is referred to Rsf. 5.02.

3) .Air-Induced. Grou~nd..Effects and Load% on Structures. For

a I XT weapon at the 50 psi overpressure level and for the shallow
depths of Interest, It may be asstaed that the vertical component. of the

overpressure does not attenuate with dopth In the soil.
Generally the horizontal stress, ph' in the soil Is taken as

some constant, K, times the vertical stress, p." or ph " Kpv. The magnitude

of K depends on the properties of the soil, tne degree of saturation,
the stress level, and the conditions of lateral strain Imposed on the
soil element.

A detailed discussion of the influence of these factors on the

value of K is given In Ref. 5.04. For the case of zero lateral stroin,

K Is denoted as K and rcoavnded values for a number of soil types are
given In Table 5.01.

The loads produced on the structure by the above air-Induced
ground effects are complicated by the Interaction between the soil and

the structure. Among other variables It Is known that the stiffness
of the structure, the manner In which It Is supported, and the direction
of motion of the structure (i.e., whether passive or active earth

pressures are Involved) all have significant bearing on the stress at

the soil-structure Interface.

-M ethods for estimating the blest-induced loads of fully buried
rectengular structures are given In Ref. 5.04. These methods are
adapted to the configurations and depths of Interest In the following

paregrepks.

horizontal elements of the entrance structure will be subjected

0O to the direct effects of the air blast overpressure If they are flush

with the ground surface. The some pressure will be transmitted to

buried horizontal elements If the depth of burial Is shallow and the

attenmation of the vertical component of the overpressure and the arching

S.
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of the soil above the element are small,- This Is the case for the depths

*.tunder consideration In this study.

The blast-induced loads on vertical elements of a buried

rectangular structure are somewhat more uncertain than those for the

roof and base slabs. Because of the uncertainties In the relation between

the horizontal and vertical free-field pressures and In the effects of

archtng. It Is recommended that the walls elements be designed for the

vertical pressure multiplied by the values of K0 given In Table 5.01.

This procedure is considered to be consistent with the present state of

knowledge and, though possibly conservative, is probably not unduly so.

The above recoamendations apply when the loads transmitted

through the soil are greater than the pressure Inside the structure. For

0, the condition which exists when the reflected pressure Inside the structure
is greater than that transmitted through the soil, the walls of the structure

". will deflect outwards and a passive resistance will be mobilized In the

* .soil. Thus. the pressure differential will be reduced4

A rational analysis under this loading condition requires a

knowledge of the "subgrade modulus" of the enveloping soil, k, In pounds

per square Inch per inch of deflection. This modulus Is a function of

the size of the loaded area, the pressure level, and the deflection as

well as of the soil type. Few data are available to assist In making

a reasonable estimate of a value for design purposes. Table 5.02 gives

values which are Indicative of the order of magnitude which may be

expected. They have been Interpolated from very limited data for the

structure size and soil types of lnterest.

It is Iqmortant for the backfill to be thoroughly compacted in

order to achieve a maximum value of subgrode modulus. If there are voids

behind the wall or If the backfill Is dumped loosely in place values of

subgrade modulus less than 10 psi per Inch of deflction may be expected.

The backfill should be compactud to 90% or more of Proctor density to

* assure satisfactory and uniform results.

5.03 LOADINWQ O ENTRANCE STRUCTURE ELEMENTS

1) General. In the two previous sections the loading on various

elements of underground entrance structures has been discussed. The
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purpose of this section Is to sumarize that Information In terms of

loads for which the various elements should be designed.

1d~ether any given element-will be subjected to a load through

the soil before the shock wave In the air arrives Is dependent upow thr

velocity of the shock wave In the air, the velocity of the stress wave
In the soil and the distances they each must travel. To a certain

extent the time sequence of loading Is dependent-upon the orientation
of the structure with respect to the direction of shock propagation to

air.
The velocity of the shock wave In the air may be computed from

* .the following expression (Ref. 5.01):

00

where 0 - air shock velocity, fps

C0 w velocity of sound In air# fps (1117 fps at standard conditions)

p -Peak overpressure In air shock, psi

P 0 U atmospheric pressure. psi (14.7 psi at standard conditions)

Values for the seismsic velocities of various soils are listed

In Table 5.03. Note that for most soils the velocity of stress wave
propagation Is greater than the volocity of the chock wave In the air at
50 psi (U a, 2200 fps). Structures In such soils will be subjected to

loads transmitted through the soil before the air shock wave arrives.
£ The problem of determining the pressure as a function of times

on a structure below ground Is quite ccoplax -and Is the subject of

considarable study at this time. What follows Is not offered as a solution

to the problem. but only as a basis for a decision as to the otgaitudoo
and directions of the applied loads.

2) Wall% Madcent to Open Stairwell.. The w.orst case orientation
for the wall% adjac-ent to the open stairwell Is Indicated In Fig. 5.05.
As the shock froat approaches the shelter entrance, the wall closest to
the point of detonation may be loaded by stress propagating through the
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Soil before the arrival of the shock wave in the air If the velocity of

stress propagation (c) is greater than the shock velocity (U). This

load will gradually build up from the normal load which exists to R

wau Kh 50just before the shock front spills over th& edge of the

wall. The length of time between the beginning of a build-up of active

earth pressure and the time -that the shock wave fills the entrance is

on the order of 10 milliseconds. Therefore. it is reasonable, since the

retaining wall is a relatively stiff structure. to design the walls for

an active earth pressure of ph - KoPso actiag Inward.

If there Is a blast door at the outside entrance, so that the

shock wave could not enter, this pressure# Pb w would be'applied

* to both walls of the stairwell.

"If there Is no blast door at the outside entrance, the shock

wave will turn the corner as Indicated In Fig. 5.05, and will reflect

from the opposite wall beginning at the top. The peak reflected over-

pressure at the top may be calculated from the following expression

W(tf. 5.01):

"r7P +4p4
"p 0 sp

•r to + P0 o I
where pr a peak reflected overpressure and pso" Po are as d4fined abeV.

For design purposes, a reasonable approximation to this complicated

loading picture may be obtained by assuming that the entire wall facing

the shock Is subjected to the peak reflected overprIessure Instantaneously.

The clearing time, or, the time at which the pressure on the wall facing

the shock wave drops to the sloe-on overpressure, may be approximated by

tc _

where t€ -clearing time. sec.

h - height of wall. ft.

U shock velocity at side-,o overpresalr, fps

i'i
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For the top of the wall at least, the reflected overpressure

will be applied instantaneously before the soil mass behind the wall

Is restrained by the side-on overpressure atting on the surface of the

soil. Thus the motion of the top of the waU wilL be resisted itially

call by the passive earth pressure of the soil (with no surcharge).

However, as the shock front progresses down the wall and along,

the surface of the soil beyond the slab, resistance to lateral potion

of the wall builds up very rapidly. Further, complete failure of' the

wall cannot occur without developing the passive earth resistance of the

soil behind the wall,

This is & complex problem In soil-structure Interaction under

dynaic load and a detailed study of It is beyond the scope of this roport.

An approximate approach whlh Is believed to be reasonably conservative

Is to design the wall for the forces indicated in Fig. 5.06 acting

statically. That is, it is assumed that the wall facing the shock wave

is oubjected to a static pressure equal to the reflected overpressure
S; the pressures resisting the motion of the wall are

a. K p Po; (passive resistance due to surcharge)

b. zcfKp; (passive resistance due to cohesive strifgth of the soil)

c. 7zK ; (passive resistance due to the wlit weight of the soil)
I + gin 63_

where Kp -j----in € ; coefficient of passive earth pressure

S,, angle of Internal friction of the soil

psO" side-on overpressure at surface, psi

c - cohesive strength of the soil. psi

7 - unit weight of the soil, lbs/In 3

x - depth below surface, in.

For a saturated clay * - 0 and c is one-half of the unconfined

coqtressive strength of the soil.

3) Slob Over Landing. The worst case orientation for the slab

over the landing at the base of the stairs is shown In Fig. 5.07. The

loaing on top and bottom of the slab over the lending may be assumed

tobe equal until the shock front ref ilets from the wall at tUe be" of
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testa Ir. At tha tim the load on~ the boto Is the. reflectede ver-

pressure and the load on the top Is the side-on overpressure.
After some period of time Am eqaIilbhslus condition may be asshmat

to extist; In fact, there should be some small excess overpressure acting

up at the bottom during the entire positive pressure phase. The ntt
lo~dl~g ma- bc sppYoxlaete'4 ýy the loading Indicated In Fig. 5.07.

The rise time of tepressure pulse may be expressed approxcimaeley

tr

where t *rise ties, sec
b *-wifth of slob, ft .

Ii r velocity of reflected shock front, fps (1200 fps
rfor 50 psi)

The clearing time may be expressed a

wh~ere te clsaring time. siec
U hock velocity, f ps (2200 f pt St SO psi)

The use olT the loading eunction In Fig. ~0.0 rsqulres a knowledge
of tfii periods of vibration of the stab over the landing. An approxsimate
and more conservative appruiach for deslyrt purpoves wo~uld be vo desiga
the slab over the landing for the side-on overpressure acting 4oWvwr4
or, If there It no blast closure at the entrance. for a pressure equal

to (PV'. -S p5 ) acting upwsrd. In either case, coepression steel equal to
one-half of the tension steel shouald be providod for reversal of iceditig.
rebound. anid to Insure ductility.

4) Corridor Sscllori felow Ground4. Becouse there will be a
considerable time lag between the arrivals of the ttresia wave throuo.

the soil a"4 of the air sho~ck %ove, through the tunnel, In the general
rose vertical weits betow groufnd will be subjected to a lateral pressure

K-ps acting linward regardless of whether there Is a blast &oor at
the entrwoc or not.



If there Is no blast door and the entrance Is tortuous 0s

described In Sec. 5.02, the pressure Inside will gradually build up to
a pressure greater than K 0p so .As discussed In Sec. 5.02, the outward

lateral motion of the walls will tend to develop the passive mtsstaica

In the soil, If sufficient lateral wall displacement occurs. Even It

the wall Is too stiff to develop the full passive resistance of the

soil prior to failure of the wall slab, a rational analysis requires,

VtMt 1;sý coý'*444ldkato b2 gisrlo W the r~ctinint d~valw~ed by voatows
displacemen. occurs. This can be acrs'naplished by employing the

"mubgrade fodulus" for the soil as listed in Table 5.02.

That Is. for the case where there Is no blast door at the out-
side entrance, tha pressure on the Inside of the walls (acting outward)

6 ~will be I p .o This load is resisted by the slab, the lateral earth

pressure K~ps0, and, by a pressure kx~ whaere k Is the uIsubgreie modulus"

and xuI s the ultimate 4eflection of the %tall at mid height. Ware

ultimate deflection Is defined to be the deflection corresponding to the W4.-
ultimate moment capacity of the section and for design purposes may be
assumed to be ten times the yield 4eflection of the memer.

In the discussion above It Is tacitly assumed that the reuistanc~e

developed In the soil by the deformation of the wail Is everywhere equal
to thiot Gompute4 Using the ultimate 4efliection of the well Ot mid,-keight.

That Is. Ro contideratioa Is given to the actual deflected shape of the

wall. While this simplification may seem crude, current knowledge of

"subgrade "oulus" doeso not warrant further refinament.
The roof slab must be abbe to resist the oide-on overpressure

* acting on the surface, the dead load of the slob sod the soil overburdens

all acting Inward, wh~ther or clot there Is a blast door at the outside

entrutce. If the shock wave cAn enter the corridor the roof slab will
also be subjected to a pressure equal to 2 p V acting outward.

Similarly. the float slab will be subjected to the sideo
'6prossure, plus the entire deed load of tho section acting insard. Unless

better information regarding the distribution of pressure lim the soil

IN question Is available It Is soggested tkat a uniformu distritutiois of

Pressure be assumned. Then, too. of the shock W&Ve CAN enter the corridor
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"the floor slab ill be subjected to a pressure of 2 po actlqg outward"

at soe later time.

The loading conditions discussed above are sI rlzed Im

Fit. $.40.

5 5) Inter!.or Doors and .Olyo. As stated In Secj 5.02 the

dimensions and conflgurations of the entreazeways are-such that it is
'.•. ,,sU1c to ry.,,ti the Iedimrl as a function of Uirm on blest cl"re.Mr

devices at t1 Interior ec4 of the entrance corridor. Based on .;perimentat

data evail•able, the avrer"e peak overpressure on such closures can be

as low as the side-on ovorpressure outside and is high as about twice the

side-on overpressure outside (Ref. 5.05). Even in the letter case the*
loading Is not a true shock loading, i.e., the overpressure rises

erratically to a maxims value of about twice the peak side-on overpressure

outside.

Therefore, It Is conservative to essuise that blest closure

dev!tes located In corridors or ducts are sItjected to a• infinite step-

pulse with a "axiom overpressure of 1*0 pail.
6) Exterioror Fush Door. The loading on an exterior flush dooi'

at the outside of the entrance structure is dependent on the peak Incident

overpressure ani the wsecn yield (50 psi and I AIT for this report1, the

orientetlon of the door WItb respect V- Wtt WiLat wvv. ead ths

dimensions of the structural *eK housln the &xwr.

* .Te orientation of the door with respect to the blest wave

deteruines the peek reflected pressure to which the door Is subjectod.
This reflected pressure say vary froie the peak Incident overpressure

(i.e.., 50 psi) for a horizontal door* or vertical door facing &uty from

the blast, to the full reflected pmssiure (i.e.. 2OW psi) for a vertiial

door facing the blest. Reflection factors* I.e.# the ratio of the

reflected pressure to the Incident pressure. for various Incident prestures

4re presented In Rot. s.01 (Fig. 3.70h. An Ideilzed relationship

betw"n the reflocted pressire and the a"lit of Inci-dece for 50 psi is

plotted In Fig. 5.09,



]]The dtimesons of the structural fee* haw~ing the 4wir 4atetailne

" the duration of the reflected pressure spike; th waller these "lnsiIMi&

tee shorter the duration of the reflected pressure. Nowever, It Is

conservative 63l assumeanto Jai fnto duraIion *Up pat of th slflieted

pressure. If desired. a more precise load-time history cn be evaluated

In the manner described in Ref. 5.01 (Chapter 4) and the requIred

structural resistance determined using the methods described In Refs.

S.06 and 5.07.

5.04 PROrPT RADIATION EFFECTS

1) ,Introductlon. For analysis of shelter shieldin9 effective-

ness it is necessary to know the amount of radiation of each type,. of

various energies, ond Its incidence on the shelter from each direction.

This must be known., If not precisely, at least roughly. Various factors

enter into Such a determination, e.g., the distance fro= the weapon

-uplosion, the angle of line of sight above the horizon, the orientation

"* of the shelter relative to the direction of the line of sight, the type

of weapon, and the size of waapoma,

Most of the available t6formation relates to the total Initial

flux or dose measured at various dls.mnces from a nuclear explosion of

a certain size. For the purposes of this report, it Is assumed that a

reasonable estieate of this total can be made and dbe data given In

""he Effects of Nuclear Weapons" (Ref. 5.01) is valid. On the other hand,

the proportion coming from the various directiQns, the division imong

the various energy groups, and the bi-parametric distribution of

proportion both In enerqy and direction are very poorly known. fiwover#

S-for design purposes It Is necessary to make sons estimate of the situ"0loi.

The estimate which follows is based on presently available unclassified

Information for the specific condition of particular Interest, I.e., at

a distance on the order of ono mill from the explosion a nuclear weaipo

in the megaton range. This Is the approximate range for the SO psi level

for a I HT weapon.

*

4 '.. *4 ....



2) TneEoy and Directional Distributtga PsriMetrs

(a) Senoal'l. It Is Impossbibl to f Ind data on energy and6
di1rectiona'l distributions for precisely the cimumtanc= conslder.d Is-
thb present problem, Nowever, It can be demonstrated that moderate, varia-
tions frcm the basic Input data are of minor Importance. This Is
fortunate since It permits the us* of certain expertmental and analytical

. . . . .. .. .date presoated for slightly different situations, and It noa~s any
criteria derived useful over a rwang of situations Instead of being
applicable only to the precise situation assumed herein. A discussion .

of the Importance of the various porawtotrs In the problem follows.
(b) fnWSett aita .IhDsagp Ref. 5.01

(Paris. 8.84) states with regard to the samm energy spectrum: "... the
energy spectrum observed at a particular distance from the explosion
will be different from that at almost any other distance because the various
components aer degraded In e"ergy and absorbed differently 'ml their
pa~sse through air or other attenuating madium."' For neutrons. It
states (par*. 8.96)s ** although the total nuir of neutrons received
decreases with Increasing distance, the proportions In the various aftrgy
ranges reimain sse~ntially the some tbroupkaut.w

It Is believed that thesae two statements tersd to crioate Impres-
sians uhich are a bit extreme In oach direction. Po- practical ofilalding
purposes, the varletion to ths s~pectrum for gswas r~ys ts p-robably not
great for distance variations of many bundred4 of feet. Reva~. 5.08
(Section SWy) makes a specific point that the distribution of scattereil

*photons within a viry few mean-fre*-peths, (say, about s thousand feet to
air) reaches a Mquasi-*quillibfiou condition which -varies rather slawly.
Ref. 5.09 Otoos a comparison between Owe enty-y distribution of g~ao
rays at 4500 ft. and 9000 ft., In which the goama efts frtA air
(a Itrogon) capture show W~ major chuiqts, 41'0u.~b the rays froo ftIsi$
products shbow a certain dogre. of hordrning with distance chauo* of
this amount. Sin"e thw nitrogen ciapture *tfec-t Is stw" to provlda
Mant of, the do** at both these ranges, the overall offe~t woeld eat
lead to any major. rapli rhengoa3 of spectrum at t%"so distances.

0ý 0
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On the other haid, the statement of Ref. 5.01 with respect
to neutrons Is moda on the biusis that the plotted lines of response

versus disatance for various threshold detectors are presumed to be
parallel. Inspection of Fig. 8.95,- Ref. 5.01, will Indicate that they
are not parallel w~actly, and that for large changes In distance a

hardening of the spectrum takes place. Therefore, It Is believed proper

AU to assume that for both types of radiation an energy spectrum obtained
tat any point beyond 1000 ft. from the Wlposlon Is probably valid for

other ranges withlso many hundreds of feet of that point, but becomes less
valid at more widely different ranges, although neutron spectr~al

variations are probably less extreme than gamm ray variations.
(c) EnrySetu a~g l-

There appoars to be very little In the unclassified literatur~a on this

matter. As long as the weapon Is largely a fission yield type, there

should be little essential difference with size, aside from minor

perturbations caused by variations In the detailed design of the weapon
and Its easing. A fusion type weapon, on the other hand, can sait high

energy neutrons, around 14 M*eV; sad the only gama resulting Is that

coming from secondary reactions of the neutrons with the sirroundIng

inedium, Undar these circtmstancos, rether appreciable variation In gtawk

adneutron spectrum might be .2tpoCtads even though a rather similar
Uot*t of t4quaSI-equ!IibrItW4 may coue Into oxistonce after solm distance.

However. W!21% yield weapons ere part fission and part fusion sad the

iaixture of the two would provide a spectrow approacehing more or loss
the fission waspon spoctruo, Likewise, on appropriate degign, for a higb
yield waepon Is to have the fusion roactants surrounddd by a "Ibleaket"
of uranius which will *baorb tho high energy neutrons froo fusion sad

thereby figIolo by Ifi~terattlo with thsoo tast neutrons (See par$*. 1.67,

Ital. 5.01).. Under the cir-cuessnnces,. It appears that the use of the
orettory spectrua *%*s)cat*ti with purely lission weaons ]a rossw-kble

with the qualIf~c#%4cn ttat a separate analysis should be mad* for Ai
weapon which Iti largely tf tie fusison type, should &nfonas~tion- an Its

* ene~wrgy spec trum %t reaa~s~o~ablo di stwncos ever b~cos* WKn
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For-large weapons of-any type there Is another effect whoson-

Influence on game spectral distribuation can be discussed only In a 4

rather qualit'ativ, manner, This is sometimes called the "hydrodynamic

effect." it is related to the. fact. that. the creation and .wpansloft of

a high pressure, high density shock front, followed by a below atmospheric
pressure phase, varies the amvount and distributi-on of air which serves
as an attenuatiag medium for the fission product component of the 4
Initial gamue radiation. This variation Is a function of time and becomes
most significant when the shock front Is In the vicinity of the shelter.

*During this period, the percentage of the radiation due to early fission

product decay Is greatly enhanced. The greatest effect, of course. Is

*on the total radiation received; but as far as energy distribution Is
concerned. the overall spectrum will become softer and will appear more

* liMe a spectral distribution at a closer range. It '4s on the side of

conservatism to Ignore this spectral softening, although the effect on

total radiation dose and flux must be recognized.

(d) Direcions[ApScctrumVart_#tI0n, witLh Distance and
Type of Ref. 5.10 Is quoted as follows: "In the several events

*for which angular distribution data ware obtained In Operation Plwhbbob,

the angular distribut ions of both neutrons and gem rays were observed
to be rather Insensitive to the type of weapon and to the distance from
tlA burst points.1" The distances Invohvod In th&-se experiments were frow
4065 to 5475 ft. The bo.mb sites war* all near eza.inel masitude. The"e
distances are In~ the range of Interest for hIds problem. but the weapon*

sizes are not as large at desired. However. since weapon size to not

4onsidorad a sufficiently signIfIceat fUctor for varying energy spectrum
It can probnbly also be Ignored In 4onnectiOn with variations Ia diroc-
tional Spectrum.

(e) Effectl of Ch.nges-In-Slo4 ~ of 'Sig 0h

E~lisio, Pent.This factor Is Important because of the presece -of
the earth-air 1,-terface which affetts ttm radiation field. There to a
definite effect on the value of the. total does (page 414 of PRef. 5.11;

* ~par&. 6.32 of Ref. 5.01; and We. 5.12), but for angular distributaio



I -. t

on a proportional basis the effect is surprisingly small. Computations

by French and Wells (Ref. 5.11) for a homogeneous, isotropic medium are,

ignoring their inclusion of the prompt fission goa rays (which are

largely shielded ou;t In practical cases), in very goo aareement with

the experimental data of Ritchie and Hurst (Ref. 5.10), which were taken

in a case for which the line of sight to the explosion was about 200

from the horizontal. There Is likew!se very little reason to expect

any major variation In the energy distribution. on a proportional basis*

with change In slope of line of sight.

3) Sumary of Available InforeatIo

(a) Directional Distribution. The best Information available

Is that of Hurst and Ritchie (Ref. 5.10). It represents the percent of air-
dose received by an Instrument having an aperture such that it con

detect radiation arriving within 5 of the direction In which the

Instrument •ais Is pointing. It is noted that peaking of the neutron

"distribution Is not nearly as marked as of the gSa rays. There Is no

Important difference between the Htirst and Ritchie results end the

calculations of Ref. 5.11 and the former will be the basis of design

criteria used In this report.

(b) En 0i s ia. Data available on energy distri-

bution of game rays are roughly, but not precisely. consistent. Graphs

of the "woo ray energy spectrim are shown In Fig. 8.85 of Ref. 5.01.

Fig. 3 of Ref. 5.11, and Fig. 4 of Ref. 5.09. All the dta In the stated

references are ro"hly conslst*nt *od sra n Jlstmwc from 3770 ft. to

6000 ft. fros a KT 4iZe weapo. Th. date of Pi'A • o ed wall$ should be

corrected by *aloatlon of the propt fission ga s. The Informatiol

from Clarke, Nelhonto and Gold Is giwvn as relative dote per unit

energy band width$ *Ad is therafora wre luuediately useful. In using

it, note oust be *ado that the figure for fission pro•duct Smao rays

inclus• only those omitted during the first second after the explosion,

aid to get the total considered as Included with the Initial radiatlon

It must be moultiplied by about 6.

Information oo neutrc energy spectrum Is given In Ref. 5.01

(p"" 46 &ad 407) &ad ia ef. 5.l1 (fig. 5). The" are in m h agre"-

0'o
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iment, although there are minor variations between theory and ewiprimaet.
A precise knowledge of the energy spectru Is not highly Important,

especially for energies above 0.5 M*V, since above this energy the varia-
tion of dotse with energy Is ratker smail.

( c) Combined Energy and Directional Distribution*. The

Information on this subject Is sketchy. S$me experimeantal informatiow
on neutrons Is available In Ref. 5.10. Theoretical Information Is

provided by Ref. 5.11 on neutrons, which Is cospared with the azperimental

data. For gum rays, the only Information found Is thes analysts to

Ref. 5.11 which provides separate Information on fission product gamem
rays and air-capture gema rays. Since the latter have much higher

*energies present, this should provide so understanding of the difference

in behavior (if any) of the high enargy and the low energy component of
the radiation.

For game rays frog fission products. the angular distribution Is
slightly more peaked than for air-capture Semi rays (Fig. 4 of Ref. 5.11).

Hooevar, zinc* the air-capture game rays originate frca a rather diffuse
source (several hundred feet In~ effective radius around the burst point)#

th, difference In angular distribuition Is probably not'greatly related

to the difference In energy distribution of the two components at their
source. It may be surmised an fundamental grounds that the radiatioa

which arrives fromi diractioas radically different from the line of sight

to the eplosion point will not have any high energy comonent%. On
the other baod, that arriving In directions near the line of sight will

contain all the high energy coveonent of the radiation, and will &lso

contain som low energy radiation.

The information. available from the two references cited above%

indicate that a similar picture applies for neutrons. The hig~h energy

neutrons are more lI kely to come from a direction near the line of sight

than from a more scattered direction. iw~ireex the low energy fteutrons
show a greater degre, of Isotropy. however, f% r neutrons this relationship

of direction and energy does not seem to be 41.ta as markad as ia the case
of "m r"y.



4) Assumed ProMt Radiation Input Oata

(a) General. It is assumed that the total game ray

exposure dose in the open Is known, and that the total neutron flux in

"the open Is know. These can be obtained from Rtef. 5.01 or classtflet

sources.

It is to be empLjsized that the prompt radiation Input herein has

1ee0 selected-for the shelter entranceway problem, and Is conservative

from that point of view. It Is not necessarily conservative from the

standpoint of shelter roof attenuation.

(b) Caarma Ray• . The following dose angular distribution

for gmaa rays Is considered reasonable for ranges of approximately one

* mile:

40% of the dose arrives from direction within

an agle of 150 from the line of sight;

40% of the dose arrives from directions between

angles of 150 and 400 from the line of sight.

equally distributed above the horizon;

20% of the dose arrives directioni from directions

beyond 400 froa the line of sight, equally

distributed above the horizon.

If the line of sight Is below 150 with the horizontal, assume that it Is

at 15. Assume that the radiation dose within 40° of the line of sight

equally distributed throughout the energy spectrum up to 10.8 MeV. If

a single energy Is desired to characterize this component, a value of

about 6 HeV see*s reasonable. For the reasinder of the radiation. which

Is markedly scttered, a value of 0.5 NOe appears appropriate.

(c) Neutrons. The following dose angular distribution for

neutrons Is considered reasonable for ranges of approxisately one mile:

15% of the flux arrives from directions within an

angle of 150 from the line of sight;

40% of the flux arrives from directions between en

"angle of is° and on angle of 450 with the line
•'•'of slght;

*

-. ... . . .
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3. of the flux arrives from directions between

as an.9le of 450 and an angle of 7S wthl the

Illo of sight;

= of the fluL arrives from directions, byo475

frM the line of sight.

For *11 directions. omo m assume the sams energy distribution, that is:

14 of the neutrons have energies over 3 HeV;

"1.Z of the neutrons have energies between 1.5

-l 3.0 HeV;

I"•of the neutrons have energies between 0.75

asi 1.5 MaV;

G M of the neutrons have energies between 200 ev

and 0.75 1eV.

The thermal neutrons me Ignored as having negligible biological consequencess

compared with the biowr energy neutrons.

Since the sa aergy distribution is assumed for all directions

the relationship beebem biological dose and flux Is the zoe for all

directions. If thim total biological dose Is given therefore for neutrons, p

rather than flux. the simom percentajes apply as given above.

It Is realiz~ed ethat the eStimates given ore based on Inadequate W

date. Research ts stlll being conducted on this subject by various groups.

and within the next yew or two further information should be forthcoming.

It is rocwunended that after this Inforuation becoms available and can

be used to refine the proopt radiation Input data recomended herein, the

designs of the entrswAemyv produced from this contract be reviewed to

Insure that they are sather Inadequate nor over-conservative.

S.0S FALLOUT RADITIOI

"1) Intro46cticm. Chapter IX of Ref. 5.01 Is devoted entirely

* to this subject. The f"lowing is only a brief sueary of the Information

contained in that cIMltau as It applies to the problem of interest of

this report.

...................................................



A shelter located at a range of 4600 ft. from a I uiT weapon
will be subjected to radiation from the two primary modes of contaminatiome
I.e., neutron Induced activity and fallout. For primarily ftssion yield

weapons, fte contribution through. theý entrance fro* the latter source.
at this range, is considerimly greater than that from neutron Induced
act vi ty.

The amount of contamination and Its distribution are dependent-
upon many variables, Including weapon yield. height of burst#

meteorological conditions, the nature or physical composition of the

surface over which the weapon is detonated, and the relative contributions

of fission and fusion to the total yield. For purposes of this study It
* Is assumed that the 1 HT weapon Is detonated on the surface of tOe earth

and that fission contributes 100% of the total yield.

since These two assumptions are conservative. particulorly the latter
sneweapons yields of this magnitude usually are fusion weapons triggere

by a fission reaction. Ho~wever, there are other 4conceivable cases which
could produce even heavier contamination, e.g., a multiple weaon attack
with overlapping fallout patterns or the detonatiou of aweapo In a
heavy r~infall,

brief consideration of the effect of th, many variables Involved
leads quickly to the conclusion that so Infinite number of possible
esstowtions can be m"do. The preceding assumptions. though arbitrary*
are believed to be reas~onably. though not excessively. conservative.

2) Ona-i!our Defrne(ose, Rate. Based on date obtained at
nuclear weapons tests* a reasonable maximum onc-hour reference do*e rtet
for design purposes Is 10,000 roentgens per hour. Paragraph 9.75# Raf. 5.010

states In part# '4 ~cept for isolated points In the iftediate vicinity
of ground zero. observaeian$ indicate that unit-tine reference do#e
rates greater than about 10,000 roentgens per hour are vanlikaly. A posslbl*

* reason Is that as the weapon yield increases so also does the Initial
volume of the radoiosct iv cloud, hence, tho maxiouf coacentratioa of

activity In the cloud does not change very much with the yield. TMe
fallout c.ontamination moderately na~r ground zero. Wwere the dose rate

Is high. will thus Pot increase In proportion to that yield,4#~
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3) Ltal S.muae Rzsi Assuming that at this range

thetoalaccumulated dose (for an infinite stay time) at 3 ft. above

the paeof contamination ,witl& be 93.000 roentgens. (Mig. 9ý20 p. 423*
Ref. 5.01).

4) EnerqY. Spectrum. In order that use can.-b. made of exttensive

calculations made by Spencer (Ref. 5.13) and others, It Is assumed that

-the energy spectrum of the gam radiation from the contamination Is that

associated with fission product decay at about I hour after detonation.

It Is considered that this Is a reasonable approximation to the energy

spect rum over the per ciod of occupancy.

* 5) Dose-Angular Distribution. Spencer (Ref. S.13) computed V
the dose-angular distribution of game radiation emitted by fallout, using

the energy spectrum Ind icated above, for various cases of Interest. Thes

calculations have been presented In chart form In Ref. 5.13 and will be
used. as appropriate, to determine contributions through the entrance
structures.

5.06 THERJAL EFFE6CTS
1) Prlmary Effes 'the Intensity of thermal radiation at a

range of 4600 ft. from a I hT wtspon Is calculated to be on the order of

1000 calories per square centimeter. This Intensity. though hight will

cause no significant damage to exiosed coacrete portions of the shelter
entraince structure,

Hiowever, comustIblo materials In the vicinity of the *Neiter V

antrance If Ignited, could constltute a serious hazard by praoucing

noxious gas*s.

~) 5  =J~ffects. At this range, the probability of fire

created at en Indirect result of the destructioa caused by the bloat wave

Is very high. IWether or not such fires constitute a hazard to the

shelter end Its occupants depends upon many factors iicluding the nature

* of the construction In the vicinity of the shelter, the distance between

buildings or builtugness of the area, the weather, and the terrain.
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Eaperluental data and a discussion of the environmental hazards

to pewplo In shelters resulting from fires are given Im Ref. 5.14. These

data are of Importance to the design of the shelter proper and In
parti'cular to the possible raquirement for an coxygen supply anda chemInaler

for removal of carbon dioxide. For tinderground structures the heat j

generated by fires on the surface will not constitute a hazard to sheltered L

personnel. Broido and IMciasters show that the heat which would 'Of low"

down an entrance passage would be small compared to the heat generated

by shelter occupants.

The major problem Is the oxygen depletion and the buildup of

noxious gases In the air outside. This problem can be solved by providing

means for sealing the shelter and maintaining the quality of the recircu-

lated air Inside. The problem can be reduced by locating all entrances,
whether for personnel or ventilations as for as possible from sources of

f Ire on thA surface of the ground.
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TABLE 5.01

RATIO, OF NORILOXtAL TO VERTICAL SOIL PRESSURES

K0 For Stresses Uip to 1,000 pat

Soil 0v#criptloat Dynamic Static

Undrained Undrained Drained

Cohesionless Soils. Camp or Dry 1/4 i/3-dense 1/3-doense
1/2-.cc.. 1/2Ilaos.

*Unsaturated Cohes Iva Soils of Very 11 1 /
Stiff to Hard Consisteacy

Uutosturated COmslva Solis of 12/ Its
Medium to Stiff Conslstency

Unsaturated co * esivo Solis of 3/4 1.12 to 3/4 1/2 to 3/4
Soft Consistency-

Saturated Solils of Very Soft to /.1f
Hard Consistency end ooelonless 11 34sf
Soils

Saturated Soils of Hard Consistency.
% -4 tsfto 20taf 314 to 1 31/2

Soturated $*Ils of VeyHard 4111
ConsIstency. % > 20 taf. / /



TASE 5.0M

SUIQRAOE MODiUIAS

Soil escritiNodutus, k
Soil escritiospsi per Inch deflectio a

Cotwsalntess sot11. 200

Coh~esive sails, very stiff
to hard consistency ISO

* Cohtesive soils, mediu
to stiff coaslstency 100

Cohesive Solt$,s soft
CoM a Olste so



- T TABLE 5,03

SEISMIC VELOCITIES OF VARIOUS SOILS

Soft IType C (fps
Loose,..dy sotI 700- 3.30.

"Clays, wet Sols 21,400- 6,40S
Coarse, coMpacted sotls 3,00* - 8,sm0
Cemented soils (Sandstone) 3,000- 14,000

Shale 6,000- 1,5001
Limestone 7,000 - 21,MOQ
Metamorphic rocks and voicankc rocks 10,000 - 22,000

" Sould rocks (Oranita) !3,000 - 25,000

jointed GrcnIte" 8,000 - 1SO0m
.. Weathered Rocks 2,000- 10,00Q

N % %
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CHAPTER 6. RADIATION SHIEL0ING, DESIGN PARMIETERS

6.01 INTRODUCTION

The prime objective of this chapter is to discuss the shielding

properties of materials and the radiation protectron afforded by the

entranceway elements, I.e., entrance opening, corridor lengths and bends,

and barriers.

Charts are presented of reduction factor versus solid angle

fraction and mass thickness for prompt and residual gamma radiation

and for prompt neutron radiation. A detariled design procedure utilizing

these charts Is presented in Chapter 8.

*.6.02 PROPORTIONS OF VARIOUS CONTRIBUTIOUS

I) General. The total dose received within the shelter Is

the sum of the prompt radiation dose and the residual radiation dose

contributed both through the entranceway and through the shelter proper.

Therefore. In order to design either of these components the relative

proportions of each type of dose must be established.

2) fntrancewSiy vs Shelter Proper. The percentage of the total

* " dose (prompt plus residual) which can be accepted through the entranceway

cannot be established a priori, in general form, the relationship between

the amount %hich Is contributed through all entrancewayu and the amount

vhlch is contributed through the shelter proper can be "pressed as

f a C + Cf s

where Pf - protection factor desired

Rf - reduction factor desired

C - contribution through the entrance corridor

C• - contribution through walls and roof of the shelter

The Inter-rulationshlp of Ce and C5 is shown graphically In Fig. 6.01.

Ce
WtMen$ - 0, the mass thickness roquired In the shelter for a

given geometry Is a slnia a; conversety. uhen - 1, It Is a mxiAmuM.

4 N t
ft." . * .f '--f io *".. . .
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*Since this study ts devoted embalmely to ent raneways and
consequently with no prior knowledge of a peeticular shelter, it has boem
assumed that half of the total cont ribution Is received through the
entranceway sand this other half through the s~iter proper. Comparative
designs for a particular shelter complex t"Inicate that sooe other
proportioni Is more economical.

3) Prompt vs.Resrdual. As ton the one of proportioning the
contribution between the entran~omay a&W the shelter proper. It Is
difficult to proportion accurately the estestuy contribution betwees
the prompt gamm. radiation. prompt meutros radiation and residual
radiation before the desIgn of the eatrametoW This prqportioning
woill not only be dependent on the relative 4bse levels of the three
typos of radiation, but also on the roeultiog etrancewsy configuration.am

For preliminary design purposes Is Otis study It has beam
assumed that:

a. One-half of the contributlem through the entrwecewey _

is residual radiation. .

b. One-half of the contribution throug the entracwowy
Is prxmt radiation& divide equally between prompt
gamoa and pr~opt aeutron..

AhIN this distribution has bee. auWe In this report. cooars-
tive dosigns of a complete shelter may ledicats that Ssoe other proportions
are more economical.

4) ProportosAsae o ein~ao For this study*
the following contributions have, been &%snood is the I llustrative desi94
example of Chapter So.
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. f. the physical properties of the elements comprislng the

shield; and

g. the thickness of the shield.,

no simple fomulatioa can cover alt cases of interest.

2) $hleldlnR Against Fallout Radiation, Techniques of shielding

calculations for fallout gamma radiation have been presented by Spencer

(Ref. 6.01). The primary external hazard from fallout contaninatlon Is

gamma radiation. For purposes of calculation Spencer used the range of

energies associated with fission product decay at 1.12 hours after detona-

tion and assumed the source distribution to be planar. In addition,

Spencer assumed plane shields of uniform thickness at various orientations

with respect to the source. The res.dtts obtained are presented In charts

,klch may b* used for analysis aid/or design. Subsequently, these date

were presented In slightly different form in PRf. 6.02. The charts from

the latter reference have been used for all asaly-sis and design work in

this document.

3) Shed.InjqAq inst PMr t.Muc.ear.Radlatlto, Unfortunately

the problem of shielding against prompt nuclear radiation has not bean

studied as thoroughly as fallout radiation. The Information which follow$

Is based on preliminary calculatlons and has Inamdequate experluentil

verification.

There are two forms of proapt nuclear ra4lation hlrch are*

penetrating and thus hazardous to t'heltered personwel; I.e., neutrons

and gamA radiation. A Sumrwy of the available Informaticn on th6

directional and energy distributions of both forms Is conteined In

Sec. 5.04. The assumed radiation Input data presented there are plotted

in Chart 6.01 for both prompt ga and prompt neutron radiation.

(a) Shtelding Aninat. i'ronot Q~w, Radla•a•n. As In the

case of fallout Samma radiation. the attenuation of prompt game radlatlom

by a barrier can m. expressed as a function of the mass thickaess

(X, psf) of the barrier. That Is. for most coon constructloo weterialt,

the sae we•ght per unit area of barrier will reduce the Intensity of

radiation by approximately the sa amount regardless of the material

used.



Assumlng plane shields andbroad beam radiattow, the effective--

"ness of various shield thicknesses my be calculated. farv rVua

orientations of the shield with respect to a line from the pula at

detonatloi to the point of interest. In Chart 6.Z0 the barrier re&ka•trf

factor for prompt gawme (nitrogen capture) radiation Its plotteA as- a

function of mass thickness for various orientations of the shigt&.. Stamm

approximately 8S% of the prompt gamma dose-at this ranpe is capture y

radiattoi emitted by nit-ogen nuclei after captuiini neutr ons;Cde.. &k., 1:

it is conservative to assume that the entire flux is of this hue•-r

energy radiation.

(b) Neutron Shielding. The attenuattas of the neutrm fiwe

by a barrier is not so simple. N4eutrors may be either scattered or capbr v*

by the nuclei comprising the shielJ with differing probablUttes (cresu.-

sections) for each of these events and each constituent element of te

shield. Moreover, neutron cross-sections, tn general. are quite vawAklab

with neutron energy so that as the neutron loses energy by means of

scatMer.ng Interactiks, the ratio of the scatte•ing and capture czaam.-

sections does not remaIn constant.

Fortunately, most soils and ordinary contrete are compesed a

much the same elements in roughly the same relative quantities. The ts,

materials therefore have roughly s0xllar shielding properttes..

The attenuat ion of neutrons from a fission weapon X.5Z.S V) L
by a plane shield is plotted in Chart 6.03 as a function of mass tbickview

for two orlentatioms. In Chart 6.04 the barrier reduction factor for

neutrons f om fusion seapons (- 14 HeV) is plotted as a function of ms

thickness for tvo orientations. Note that these charts should be use

only for earth and concrete.

6.04 PROMPT RADIATION PROTECTION

i) Entranee Reduction, Factor. The dosv received at a poluat

with.n the entrance structure wil 1 be less than the Ifre-fieldt deo

even If the weapon were detonated so that the point of burst could be

seen from this point inside. This reduction Is due to the fact that a

portion of the totaI dose received outside is f row rrdiation vnch Mua

been widely scattered0

,.



* 12 Sec. 6.04

it-is assumed that the contribution Inside received from points

* beyond the field of view Is negl~iible. Of course some portion of that
* ~radiation will enter the entrance structuri and be scattered from the
* wells towerd the point of Interest, Allowance isi mad* for-wall scatteord
* ~radtatroa rn Charn6.r

To obtati. the entrance reduction factor, It Is necessary to

computo the solid angle fraction subteaded by the opening at the point
*of Interest and enter the abscissa of Chart 6.01 with that value. The
*value obtained from Utde ordinate is the entrance reduction factor.

Appendix C presents a definition and a discusssion of the solid

*angle fractioa. For convenience In computing the sol'd angle frac~ion

subtended by a roctmaa~lar surface at the point of Interest, the solid
* ~angle fraction Is plotted as 4 function of two parameters "ell and V1~g

In Chart $ of Ref. 6.02. These parameters are defined In Appendix C;

2) jgw Att "uatlo by ends-j eondEntrance. The reduction
factor for bends beyond the first leg of the entrance corridor may be

calculated as follows for f109 bends:
(a) ~S 0 bend4

"0.
where *reduction factor fr fIst 900 bend

beyond tha entrance leg

MI solid angle froctian subtended by the
coreldor section at the next point of
Interest

* ~~~~~ ~~(b) lsseun90btdi

Rf *0.5 (o ;for n a2.3...
n

For con~eIence the solid angle fractions subtended by the standard

corrldor width% of 3 ft. and 4 ft. and for the standard corridor height

o f 7 ft. are plotted as function of the corridor length# Z, In Chart 6,05.
3) MIit AtteenuaS.Ln 14) Cor~ridor 8.lj~nd.Flrst.5tnd. There Is

very litei h e'of theory or experiment Wich boars directly on the
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problem of the attenuation of -neutrons In the entreace Structura. There-

fore, the method of solution offered here Is not at 01l precise. The
approach Is based on data obtalne6 by the Armour Research Foundation as

the streacang of theriml neutrons along a two-legg•d. idealized entrance.

way, 6 ft. square. (Ref. 6.04). Thes4 data IndIcate that the attenuation

of thermal neutrons down the second leg followsa n exponential laow
furtherrore, by extrapoTatrng backward from the second leg Into the first

leg, without regard to the turn at the corner# the Some w.anentlal
relationship matches the data for the first leg within a factor of two
or better. Qualitatively, these san results have also been obtained
for thermal 'neutrons streaming through bent cylindrical ducts lit reactor
shields (see Fig. 4.12.6 of Ref. 6.05). The exponential relationship

is-such that the dose Is reduced by approximately a balf for every 4.4

ft. of duct length, measured down the center axis of the corridor,

regardliss of any turning. It Is supposed therefore that this exponential
rule may serve for all neutrons and that the saw half length occurs for
tvery energy group; In other words, the energy distribution of the neutrVs -

remains essentiully constant as It proceeds through the entrunceway or.
* + at least IK It does not, It Is not too unsafe to assume that It does,

The other supposition It that this attenuation rate scoles

. directly with the average cross-sectionat dimension.. It Is not unreasonable
to @SSW* that If neutron flux atten•ates by neutron collision with the r.

* weils. an equivelent picture cam be doiswo with corresponding paths at
some other scalea. This •ao be aosuft provided corridor cross-sectional .
dtmenslqns are large compared with the neutron men-frem-path in the well. ,

Thus. the attenuation half-length of a corridor at thrm-quartere scale

shovld be three-quarters of that at full scale; or, In terom of corrldor
linear cross-sectional dimension, the half-length for attematlon Would
be the same number of corridor OMiameters" dao• the corrtior regadlets

of scale, it is also reason*lt to us* the avrage of actual Uldth arn
hOight as an average "direto as long as the height-to-width ratio Is

not greatly different fron unity.

Thus, to obtain a reduction factor for neutrot s strmeaing

down the entrance corridor beyond the first Se bead, It Is necessary to

obtain a "half-length" for the corridor and thea to divide the ••es:

""! NO
SV .- . .,-.

• + ,
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"length of corridor beyond the first wewd by th "aaf-length" to obtaim

the nw*er of "M&a-lenthsf-i•nIwmv

(H + C14W) *)-.3W (Nu+ W)

uwlhre . t - balf la•,th of astraece corridor. ft.

C -beight of "mrvilbr, ft.

Wii - width of comidor, ft.

(b) W'Nuter of half-ToubiiS. I

wher a - umber of half-Ims•Es

L - total l1090 of rolndor to point of Intarest

beyawd the first. beaL

t)Redust ton fatrfr.ML~_t~d1r&90bid

lift

4) At-~aln b XBrte r Sh 441a

(A) 1 'rr•ir a erqtrance. Us,= there is a barrier at the

outside entrance the bharrler reduction factor Is obtalned froe Charts

6.02 t',ivqih (-.04 fo'r the appropriate o a"I of lcidence and type of

r~adlat iop.
(6) Sorrtekrs bftvg first 0 e

1. 40MV3 RafII TM toOVrJ Ievo of that gama

radbnion which has scattered thimuh si oale of 94° cannot be greater

thm 0.51 NV. regardteos of the o#jrgv of the ialtlal photons. Therefore,

a barritr of a given sass thickatss (X will be more effectIve for such

scattered photons than for the higher wrgy pOntoas. A barrier reuctiao

factor for 0.S IVY oaww rmllitiaa Is plottctA as a function of &ass

.i'* thkktesz In Ohart 6.06.

i"I
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Further scattaring will reduce still furzher the Mergy level

of the radiation. Therefore, It is conservative to use the reduction
factor obtained from Chart 6.06 for all barriers beyond the second 900

Stura as urn V,

.2 Neutrons. It Is probable that the energy spetrum

of the neutron flux beyond the fIrst -90P bend will be :hifted toward the

lower end of the frta-fle)d spectrum feo many reasons. Including the fact

that all such radiation must have entered Into a scatterlig Interaction

and thus has been degrad-d to a certain extent. In view of qualitative

considerations It Is probably conservative to use the barrier reduction

factor for nowal Incidence of 2.5 HoV noutrons In Chart 6.03 for all
interlor barrirs.

3. Secondary GLmaw Rays, Absorptlia of thermal

neutrons In the walls of the corridor will In general ca•se secondary
gamma rays, which are very likely to create an Important hazard, even

greater than that caused by the neutrons and gama rays streaming domw

from th; entrance. At present there Is no adequate method of designing

against th!s effect. It Is believed that the present Aegree of conservatIsm

Inherent In analysis and design to take care of other hazards will help

this situation to some extent, but whether such an approach to the problem

Is adequate or not Is unknoav at this time. It has been suggested that

I ntroduction of borun into the walIs, perhaps by a sort of 'Sash" of

borax or similar material, will help linalleviating the socondary game

ray problem.

6.05 RESIMIJAL RADIATION PfoThCTIot
I) Eptrance Reduction Factor. As In the c*se of prompt radiation,

the dose received at a point Inside the entrance structurv will be less

than that vAich wouid be received In the open. The total dose received

at such a point Is the sum of contributioas rtcelved from '"skyshlne";
contaaination on an overhead bearier. if any; and contamination on stairs

or any other horizontal surface below the point of the detector (called

"ground direct").

The procedures for the calculation of the contributions from

these sources are presented In detail In Raf. 6.02 an will not be presented

*'.- a
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here. The contribution from the skyshine may be obtained from Case 3,

"Chart 10 of Ref. 6.02# assuming that the dose-angular distribution of

skyshine Is constant. As an alternative procedure- the skyshine contribu-

tion could he ahtaned. f •m •art 5, Ref. 6.02. The contrlbutto f ro
contamination on an overhead barrier may be obtained from Chart 4 of the

same reference. And, finally the ground direct contribution from plane

sources below the level of the detector may be obtained from Chart S

by treating each such plane as a limited plane source.
2) Attenuatlo. . by Bends Beyond Entranqe. The procedures for

calculating the residual radiation dose teduction by bends beyond the
first leg of the entrance corridor are Identical to those given In Sec.
6.03 for prompt gama radiation.

3) Attenuation by Barrier Shielding.q
(a) Horizontal Barriers at Outside Entrance. If there Is

a horizontal barrier covering the outside entrance, the reductlon factor
should be obtained as Indicated a,.ove from Chart 4 of Ref. 6.02. That
I s, thIs barrier reduction factor wl II be handled as a port of the entrance

reduction factor.
V(b) ertical Barrier- at Outside Entrance. The -barrier

reduction obtained by a vertical barrier at the outside entrance can be
obtained from Case 2, Chart I of Ref. 6.02. Note that thz Installation
of such a barrier could Increase the dose received at a point below the

plane of contamination outside by scattering ground direct radiation down
to the point of Interest. If such a barrier Is provided It-should have

a mass thickness in excess of 50 psf.
There are two cases of Interest here Which should be handled

differently.

I. Detector Above Plane of Contamination (See .FI .6.02).
* This case should be treated in the conventional fashion assuming the door

to be an exterior wall. Thus the contribution through the vertical door
only (to which the contributIons frow other sources should be added) may

be writteni

-,
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bd A dXd) + OPY I'SwuI)

-+ LW)+ cs [L1Sd(X,)1LEWe11

where C d acontribution through the door.

CL - angle subtended by the door in the horizontal plane,

ad(Xd) - barrier factor (function of the mass thickness of the

door) obtained from Case 2, Chart 1, W~. 6.02.

I ~Ga (%) askyshine contribution (function of the upper solid

* I angle fraction) obtained from Chart So Ref. 6.02,

Cd Gdma) aground direct contribution (function of the lower solid

angle fraction) obtained f rom Chart So Ret. 6.02,

Sd(xd scatte r factor (function of the mass thickness of the

door) obtained from Chart 7, Ref. 6.02.

Gs (10u -wall scattered contribution received through the upper

solid angle fraction, obtained from Chart So Ref. 6.02.

G5 (~1  wallI scattered radiation received throewh lower solid

angle fraction, obtained from Chart So Ref. 6.02

E(e) ashape factor (function of the eccentrkIcty ratio)

* *.0obtained from Chart 8. Ref. 6.02.

(Note;:

2. Detector Below Plane of Contamination (See Fig-. -6,03).

* Assuming the detector to be located above the lending, the contribution

received through the door at this point may be written:

*C 4 - d d) a( u)a ujL d J

+ [GG -C(Du')] [sd(Xd)] [E~e)]

The notation Is as Indicated In Fig. 6.03 and the procedure Is

the same as Indicated for the case of the detector above the plane of
* * contaminatlon.

. . . .. . ... . . . . .
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(c) Barriers Beyond First 90° Bend. The'attenuation of

"fallout gamma radiation by barriers beyond the first 90 bend will be

handled in exactly the same fashion as for prompt gamma radiation. It

is apparent that a barrier Inside will be more effectiva, pound for

pound, than an exterior barrier, solely because the energy of the gam"

radiatioe ha* been degraded by scattering Interactions within the

corridor.

6.06 RECENT EXPERIMENTAL EVIDENCE

"Recent experiments Indicate that for fallout radiatico the factor

by which the solid angle fraction of the first bend is multiplied to obtain

the corridor reduction factor may be substantially greater than 0.1.

* possibly as high as 0.2 or 0.3. On the other hand, Indications are that

the 0.5 for the subsequent bends may be overly conservative. However,

since the albedo for the more energetic prompt gamma radiation Is

smaller than for fallout gamma radiation, It Is quite likely that the 0.1

factor for the first bend Is ad3quate for the prompt gamma radiation.

However. In order to have the design procedure and Illustrative

problem conform to the methodology of Reference 6.02. the multiplying

""* factors of 0.1 for the first bend and 0.5 for subsequent bends have been

* utilized herein.

" S
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NOrE Curves Applicable To Earth And Concrete Barriers Only.

0.1 - -'

09

- - - Plans Barrier Pint Of

Interest

"0.01• - - . .- .

S~~~~~~~~~~0,0005... .......... ,.........

0 0 -0.0 - -60- - -

h1\

0.00005- -- -

60

"-Moss Thickness, X, psf.

'-' • £tC,•T 6.04 BARRIER IREDUMrON FACTOR VERSUS MASS THICKNESS FOA

.:- •14 XEV NEUTRONS

[,t, ci- .'
oJo - 0

ooor0



'43

al

0

I4 1

U- LL* .. 9IJIEE ~ I
rw

M~~~~ ~ ~ 0L040jOfU IO



" t.,.

NOTE: Use Only For Interior Bcrrier
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CHAPTER 7. BLAST RESISTANT DESIGN PARAMETERS

7.01 RNTAODUCT ION

in this chapter, the various factors governing the structural

design for blast rec•iasance are first discussed. These factors include

loading, structural resistance, 4esign-consideratlons as affected by the

material used. and the structural properties of these materials. A

tabulation of resistance expressions for different materials and support

;,, conditions is then presented. Finally, a series of charts for the various

materials and support conditions have been included to facilitate the

selection of the structural section. Oetailed design procedures utilizinr

these charts are presented in Chapter 8.

7.02 LOADING

"The loading of the variouw structural elements of the entrance-.

way structure are discussed In detail in Chapter S. The loads assumed

therein are used as the Inputs In the design of the structural elements.

These loadings (.Fig. 7.01) are long duration step pulses with nrpltures

which are a function of the location of the elements and their orlentatoan
with respect to the blast *ave.

7.03 STRUCTURAL RESISTANCE

!) Vie•Wd ,esistfince. For the long duration step pulse

loading show. in Fig, 7.01, the relationship between the design parameters

Is PW/ y "0 ..- , 41
i;. -• (eqs.. T.A i)

ý here pm peak pressure

qy the yield res;stance of the structural element

p - the ductility factor defining the maxlmum acceptable

response of the structure. I.e.. the ratio of the maxlmu

deflection to the yield deflection

Tw~o Ime•ortant design paraoetere, do not appear In the above equation.

These paramters are the measure of the duration of the loading (td) *0d

"tike period of the structural element (T). These parameters do not appear

.7
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because the ratio tj/T is considered to -be.-Infinite. or effectively

greater than about 3., Ref. 7.01 or 7.02 may be coniulted .to obtain

the relationships replacing the above equat.Ion #vkxe the -ratio td/T Is
sinall*

The structural yield resistance, q ,and the limit of accept~able
y

structural response, 4±, are determined by considering the resistance-

deflection cuirve for the structural e'Tement. The resistance, q. considered

as a static loading distributed spatially In the same manner as the air

blast loading, is plotted in FIg. 7.02 as the ratio q/qy, where qy Is

the yield resistance. The deflection Is also plotted In dimensionless

form, xlx k were x 1 s the yield deflect~on. The ductility factor, p.

equals x majx Ay , where xm ? s the- maximum acceptable deflection. In the

selection of xmx both structural integrity and structural function

should be considered. The value of xjMa, should not be greater than the

deflection at which the resistance of the structure begins to drop off

or fracture occurs. Operational requirementsi, e.g.v, avoidance of Jaming

of a door or Its operating mechantsm. may set a lower limit on x~x
Fig. 7.02 Is a typical res istance-deflect Ion curve with its

Idealiked bi-linear representiotion as used In design. The idealized

resistanice function Is constructed se that the area under both the real

and Ideal curves are equal at yield and at iaxdiinu* response.

The design ;nvolvta establishing the required yield resistance

for the structural element and then providing this resistance In the

structural element. The peak prtssure, pm Is evaluated using the blast
Input data presented In Chapter 5 &iid the reflection factor which is a

function of the orientation of the strwuctural element with respect to

the blast wave. ýf allowable maximum dkflection is set by structujral

considerations, the ductility factor. wi. is a function of the type of

structural eltmtnt and the materials used. If operational requirements
govern. the ductility factor. P. will be sele4,.ied to limit the maxIMM

* deflection of the structure to the permissible magnitude.

In the Sec. 7.06. expressions are presented for the yield

resistance (q ). the yield deflection (x ) and the period (T) for door
y y

elements of various materials and struttural types. The maximum recomended
value of the ductility factor based on consideration of structural
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Integrity Is presented for each material and each structural type considered.

These P values must then be .checked to Insure that the resulting deforma-

tlons are operationally acceptable.

2) Rebound Resistance. All structures designed to resist blast

forces must be proportioned to provide rebound resistance, which is

equivalent to resistance to forces acting opposite to the direction of

the air blast loading. Rebound behavior is most severe in situations In

which the air blast is sharply peaked, but appreciable rebound can also

oc~r for long duration loadings. The required rebound resistance as a

function of m and the ratio of loading duration to period (td/T) can be

found from procedures given In Ref. 7.01 or 7.03. A rebound resistance

of q"/2 is adequate for peak pressures, P., of 100 psi or less, I.e.,

for the design of door structures that are located either flush with

the ground surface and not subjected to a reflected pressure spike or

at the end of an entranceway. A rebound resistance equal to qy Is always

adequate. If It Is difficult or txpenslve to provide these levels of

rebound resistance, see Ref. 7.01 or 7.03 to determine whether a lower

"level of rebound resistance is adequate for the design loading condition.

7.04 DESIGN CONSIDERATIONS

"1) Caneral. Presented herein are design considerations such

as recomended ductility factors, stability requirements, reinforcing

percentages, etc.

2) Design In Netals. Door designs In structural steel or

aluninus are based on plastic design principles. For members responding

primarily In flexure, If the sections are sufficiently ductile to permit

redistribution of moment after the first Inelastic action begins, the

* yield moment Is taken as the fully plastic moment of the cross-section.

Structural carbon steel, I.e.. ASTM A-7, A-36, or A-373, possesses

a high degree of ductility and strain hardens markedly. Therefore, the

zones of Inelastic behavior In structurai elements formed of these alloys

will be widespread. A ductility factor In flexure of 10 has been used

for the design In these alloys,

iiJ -.::.
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Higher strength steels and tempered aluminum alloys have less

ductility and strain harden Tess than the above slild steels. The zones

of Inelastic behavior will be more lImioted In extent wi-th limited plastic

hinge rotational capacity. Therefore. a ductility factor'of n* more than

3 Is recommended for designs of flexural members In these materials.

Compression members should bt designed -for &-ductility factor

of 1.3. Tension members may be designed with the ductility factor
appropriate for the material" In flexure.

in order that the yielded cross-section of a member continue

to transmit the fully plaetic moment through large rotations of the

plastic hinge, limitations are placed on the cross-sectional dimensions

to Insure stability against buckling. Two types of Instability are

important for flexural members; (1) local buckling of elements of the

section, and (2) lateral buckling of the compression flange. Laterel

buckling Is not commonly a pri~lem for door elements since the compres-
sIve flanges will ordinarily have continuous lateral support. However,

In Instances vohere compression flanges are unaupparted, the stabili1ty
of the member should be evaluated following the procedures given to

Ref. 7.04 for steel. and In Ref. 7.05 for aluminum. It Is noted that
tests have shown a lessened tendency towards buckling for rapid load
application; therefore, the usual sp~ectfled minimum values for yield

stress may be used as the required stress level In equ.ýIzas for stability.
The following limitatioos on the dimensions of 6061-T6 aluminum

sections were obtained from the equiations giveap In Ref. 7.05. The critical

stresses were taken as the appropriate specified minimua yield stresses.
Intorattion equations are given In 'Itf. 7.04 for states of stress more
complex than those Indicated.

Stbility Requirenwents for 6061-T6 Aluminum Alloy Sections

Compression flange of WF, I or II section b- < 6.4tf

Compression flange of box section <- 10

t-

w 22
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where b flange width, In.-

b, - stiffener width, In.

d - depth of section, In

tf - flange thickness, In.

ts W stiffener thickness, in.

w - web thickness, In.

The following limitations on-the dimensloas of ASTH A-7, A-36

or A-373 steel sections are taken from Ref. 7.04. The relations are based

on an axial yield stress level of 33 ksi, but tests have sho•m that

sections meeting these requirements perform satisfactorily under rapid

loading In spite of the Increased yield point.

StabIlIty Requirement for A-7. A-36 and A-373 Steel Sections

(Notation as shown for Aluminum)

Compression flange of WeF, I or H sectio- 17 WI

f k

Compression flange of box section b 43
tf

b
Outstanding stiffener t < 8.S

t
• " d

Web it shear d- •43

Interaction expressions for more complex stress states are given

In Ref. 7.04 uhich also contains more general expressions hidch must be

used to set stability limitations on the dimenslons of sections fabricated

of higher strength steel.

"The structural resistance is defined by the yield level and the

"ductility. The product of these quantities Is a measure of the energy

* absorption capacity of the structure. Continuity of structural elements

provides an increased energy absorption capacity and should be provided

where practicable In aetal blast resistant structures. To attain contlnulty.

joint% should be designed to develop the full fleamral or axial capacity

!I

*,I
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of the member; otherwise, deformations will be concentrated at the joints

and the overall ductility of the element will be reduced.

Welded construction can readily provide structural continuity.

howevwr. approved welding procedures, good weld and fabric.ation de:afis,

properly selected welding rods, and weldable base metal are essential

if brittle response Is to be avoided. Riveted or bolted joint details

should be free of sheared edges and punched holes, and adequate edge

distances should be provided.

3) Design in Reinforced Concrete. Reinforced concrete beams

r, hawv A .-#ist-ors function similar to that shown in Fig. 7.02,

if brittle behivlor Is avoided, I.e., the member responds In flexure

Instead of diagonal tension or shear. Since brittle response Is undesirable.

reinforced concrete beams and slabs are proportioned to respond In flexure,

I.e., the resistance in flexure I1 deliberately made less than that In

diagonal tension or pure shear. Flexural response may Itself be brittle

If failure occurs by crushing of the concrete before yielding of the

reinforcement. For this reason, the steel percentage must be hold to such

a level that the member Is under-reinforced.

Reinforced concrete flexural members are proportioned for moment

resistance by ultimate strength theory using the stresses for steel and

concrete 9iven In Sec. 7.05 of this chapter. Shear and diagonal tension

resistances are computed based on the static material properties sinca It

Is desired to avoid these modes of response.

Wh-re possible, no more than 2 percent flexural steel should be

used. The net flexural steel. the difference between the percentages of

"tensile and compressive steel, should be less than 1.5 percent. in unusual

circumstances, It Is permissible to use as much as 40 fcl/fdy percent

net flexural steel when compressive steel Is provided. Doubly reinforced

members should be used whenever practicable since the ductility Is Iproved.

rebound resistance Is provided, and the placing of shear reinforcement Is

facilitated. It Is necessary to provide a minimum amount of tensile

reinforcement to avoid brittle behavior. Normally at least 0.25 percent

tensile steel should be provided, but In unusual circu*stances the tensile

steel percentage Wy be reduced to 2 fac/fdy"

. .
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"If the addition of web reinforce, .nt Is required to prevent

"shear or diagonal tension failure, at least 0.25 percent should be used.

Only vertical stirrups.are to be used for diagonal tension reinforcement,

since Inclined stirrups provide a plane of weakness when the loading

direction is reversed in rebounm4 .

Under-reinforced flexural members proportioned to preclude

response In shear or diagonal tension are designed for a ductility

factor of 3. Compression members or over-reinforced flexural members

should be designed for a ductility factor of 1.3.
Because structural continuity Is required for proper behavior,

reinforcing splices must be designed and fabricated with care. Reinforcing
�Iwelds must develop the yield strength of the bar, and bar lap splices

must satisfy the ACl requirements. In zones of high bar stress, the lap

should exceed the ACI miniaum;:a ulnimus lap of 30 bar diameters Is

recoruanded. Care must also be taken to provide adequate anchorage for

reinforcewent. An anchorage should be capable of developing the yield

strength of the bar, and all bars used should meet the ASTN A-305

specification for deformations.

4) D••iqn in T!mber. In general. timber lacks the strain
capacity required to develop a fully plastic moment at a section. Therefore,

designs In timber should be based on elastic theory woring stress design,

but the increased allowable stresses should be used. Timber strain

hardens rapidly; therefore, the inelastic regions of the member will be of

considerable extent. Thus, the ductility factor of 3 used for design

"charts in this report appears reasonable for timber flexural members.

Timber tenslon members also may be designed for a ductility factor of 3,

if the connections develop the full strength of the member. Timber columns

should be proportioned for a ductility factor of 1.3.

7.0S STRUCTURAL PROPERTIES OF MATERIALS

I) Ceneral. In this section are presented the strength

properties of materials considered suitable for entrance structures.

In many Instances the variety of ct rciaily available materials Is

* .too great for complete description of pertinent properties In this report.

Therefore. expressions for design stresses for protective design are

given In lieu of extensive strength tabulations.

"I
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"Protective structurz% are designed oc the basis of a predicted

"failure load, failure being defined eOther by the limit of acceptable

deformation or by the collapse of the structural element. Normally a

ductile, larg, deformation. failure "de is desired In design stwe tlarge

amojunts of energy .are absorbed in Inelastic deformation. By making use

of the energy absorption capability the resistance required of the

* design Is greatly reduced.

The design stresses given herein correspond generally to the

"probable yield stress of the material under the blast loading conditions.

These design stresses represent probable yield stresses for the material,

not guaranteed minimum values, since It is desired to estimate the actual

yield load for the structural element rather than a lower limlt to the

yield load. It Is emphasl-ed that the factor of safety for protective

construction is primarily contained in the design loading, not In the

evaluation of the reslitance of the structural elements.

2). C Research has deonstrated that concrete provides

increased resistance at rapid loading rates. The following design stresses

for protective construction, based orn the staidard 28 day cylinder

strength, f1, are taken from Ref. 7.01:.C "

Dynamic Coupressive Strength 0 1.2$ f I

Dynaraic Bond Stress (for ASTI ud u 0.15 f4

A-305 deformed bars)

Pure Shear Stress vdy 0 0.20 fc

Dynmic Tensile Strength fdt - 7.S

3) fReinforcing Steel. Structural and Intermediate grade reinforcing

barls are fabricated from steel developing Increased yield resistance under

rapid loading. The following design stresses include the effects of the

., rate of load application (Refs. 7.01 and 7.03):

Structural Grade f 42 kst
dy

Intermediate Grade fdy $2 ksl

..........................
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"Hard grade, rail stfel, and alloy steel bars do not exhibit
pronounced loading rate effecis on yield level. However, designs using

these reinforcing steel materials should be based upon the probable
yield level and not the guaranteed mInlmuP yield level. When test data

Is not avaITabTe, the d(esign stress may be taken as the smaller of 1.10

times the minimum specified static yield strength or 0.90 times the

specified minimum static tmnsl, strength.

All reinforcing steel should have deformations satisfying
ASTM A-30S.

4) Structural Steel. The following design stresses are based

on the yield strengths for the loading rate range expected in protective

construction (Refs. 7.01 aM 7.03):

WE$SIM STRESSES FOR STEEL

Aidll Shearing Allowable Bearing Stress

SSt*l Stress Stress Single Shear Double Shear
fdksi V dy.ks fby ksl fby kSt

Structural CarbonI AST4
A-7, A-36, or A-373 42 25

Corrugated Iron 34 20

Welds Q 29

Rivets ASTM A-141 As 30 60 80
ASTM A-195 Go 40 80 80

Bolts ASTM A-307 32 19 40 40
A ASTM A-325 50 30 60 60

For higher strenSth structural steels, use 8n axale design
stress, fdyequat to the smaller of 1.10 times the specified
*ilnlwmu yield or 0.90 times the specified minimum ultimate
strength. For dcsigm shearing stress, vdy, use 0.60 fdy"

Tile value of fdy has betn selec.ted to be used w;th a plastic
xr4ulus, 2. of lS times the section modulus, S.

. . . . . . . . . . .. . . . . . . . . . . . . . . ......... . . . . . .



54 sec. 7.05

S) Aluminum. Aluminum alloys subjected to loading rates

expected In protective construction do not show appreciable increases

in yield level over that from static tests. However, yield and ultimate

strengths such as those given in Table 4 of Ref. 7.05 are guaranteed

minimum values. The average strength values run about 15 percent higher

than these minimum values. Average values ore tabulated below.

DESLGN YIELD STRESS VALUES FOR ALWIUINU

Axial and Shearing Bearing Elastic Weight
Flexural Stress Stress Modulus

"Alloy Stress

Sdy ksl Vdy*si fby' ksi Eksl pef

6061-T6 40 23 64 10.000 169

6) Timber. Too many varieties of timber are available to Include

tabulations of design stresses in this report. Therefore, relationships

between protective design stresses and normal design stresses are given.

The noroal design stresses for the various tilter varieties and grades can

be found In most books on timber desiqn, e.g., Refs. 7.06 and 7.07.

The resistance of wood Is markedly influenced by the loading

duration. The normal design stresses can be increased by a factor of t~o

for protective construction because of loading rate effects alone. In

addition, since no safety factor should be included in evaluatlng the

resistance, another factor of tý,o may be applied to the design stress as

Increased by the loading rate fa,-,or. Thus. the timber design stress for

protective construction equals 4 tims the comparable design stress for
i~i. normal cond t forts.

"Phe timber design stresses of particular Interest Include the

* flexural stress, ff. and the horl-vn -l. .. , h. The stresses

ff and vh are t.,ied "allowable unit stresses for normal loading condition."

For protective construction, the follaoinq dyno.ic stresses are used:

.................. ,. . .. . . . .. . . . .
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Flexure fdf -4 ff

Horizonta shear dh 4 vh

7) Earth. Few data concerning the shear strength of rots

under dynamic loadings arn: avallible at this time. However, the existinl9

evidence Indicates that It L" conservative, but not excessively so, to

use the strength obtained from cowr;entlonal test-, e.g., the unconfined

compression test and the standard penetration resistance test, In the

design for dynamic loads. It should be noted that It is appropriate to

use the undrained shearing resistance In all cases since drainage cannot

occur duriisg the short loading'times.

The following rules for evaluating bearing resistance for blast
loadings, adapted from Ref. 7.01, apply to footings bearing on horizontal

surfaces of extensive soil masses.

Earth Material Bearing Resistance

Rock 1.0 times the crushing strength In uiconfined

compression plus the side-on overpressure for

sound rock. The presence of dlscontinuities and

"weathering will dictate the use of a smaller value.

Granular Soil The bearing pressure for one Inch settlement of

the footing under static loads plus the side-on

overpressure.

Cohesive Soil Three-quarters of the failure load of the footing

under static loads plus the side-on overpressure.
Where detailed soil information Is not available, the bearing resistance

for blast loadings Is taken as twice the conventional or local building

code allowable static pressure, plus the side-on overpressure.

The use of the above bearing resistances will restut In footing

displacements comparable in magnitude to those occurring under conventional

structures subjected to normal design loading. However, In many cases

"It is desirable to make footings smaller so that the footings displace

enough to give some reduction in the structural strength requirements.

..N
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An Idealized resistance function for the footing, analogous to that

shovn in Fi!g. 7.02 for a structural elements may be obtained in the

following manner.

For granular soils, estimate the ultimate bearing pressure, Q"

and the bearing pressure for one inch settlement, q1, for the particular

"footing size In question. These may be estimated using methods described

in Ref. 7.08.

The settlement at qy may be taken to be

x I I Inch[q]

For clay, estimate the ultimate bearing pressure, q , using

the unccnfined compression strength, I.e., q equals approximately 3 times

- the ur conflned compressive strength. The corresponding settlement x
Y

may be approximated by computing the vertical displacement at the surface

of an elastic body loaded by a distributed load. Convenient methods fcr

this calculation are given in Refs. 7.09 and 7.10. The modulus of

elasticity may be taken as the initial tangent modulus obtained from am

,1 unconfined compression test, and a value of Poisson's ratio equal to O.S

may be used.

The resistance functions for the footings thus obtained may be

. . used to determine the displacement of the footing for a given bearing

"pressure-time function and the footing size can be adjusted to produce

larger or smaller displacements as required by the structure. This

procedure will give higher bearing pressurea than those tabulated aboe

* (Ref. 7.01).

9
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7.06 RESISTANCE EXPRESSIONS

Tabulations of the equations involved In the evaluation of the

resistance of structural 61ements of various materials are presented

In the following tables. These expressions define the flexural sesistance*

- "- "shearing resistance, natural period in flexure, and yield deflection.

The design stresses to-be used with these expressions are found in Sec.

7.0S. The design charts in Sec. 7.07 are based on these resistance

A expressions.

0

0 l
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NOTATION FOR TABLE 7.01

' L A (design as I-woy In short direction for a <

A , total area of ememnt, to,-

A/b - A per inch width, in.

b - width of element of sectron, tn.

d - depth of stroctural elevmnt, in.

E - elestic YUungs modulus, psi

f ' "0namic tensile yield .tress, psi

I - moment of Inertia of element, In4

I/b - I per tnch width, In3

) I- +8o3) Et 3

77+ 180C13 -j, psi/in

3
k - (307 + 500 3) psi/in

22
Ka 3 - o W +3 + Ix

L 1-way plate span, in.

L, - 2-way long span. tI.

L. ,, 2-woy shert span, In.
S3

$ - section aodqlus of element, In3

S/b S per Inch width, In2

t -a plate thickness, In.

tw ,total web thickness of elveent, In.

vdy. dynamic shearing yield stress, psi

V ' plate weight, psf

* a - plattic sodulus of section, in 3

1 •'- 1.5 S for corrugated plate
1.15 S for I or VF se.tlon

Z/b I 2 par Inch width. In2
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TABLE 7.01

RESISTANCE EXPRESSIONS FOR METAL STRUCTURAL ELEMENTS

Flexure Shear Period In Flexure Yield Oefl.
• P:I T, sec. a In

FLAT PLATE SECTION
q L4

SSimple Support --2 9.4403L
dy 32

!.. L Et 3 s. Et3
4

Fixed Support 4fdyOhZ 2v (1) 4.2xiOL"
".d V dLO-3L ý,b . 2S.6 Et3

S imple Support 6fL IV t r2(,4,, 2 .2i' W

Fixed Support 12f.t( )z 2,,. ) t.91o 1

CORRUGATED SECT!O14
1-way 32v- b

Simple Support k A .xO J- ~2 b L b E 13

Fixed Support zu A d.XI' A2

BUILT-UP SECTION

Simple Support 2v4  2-.7x JELY

1f2 d tw 12,-3 2 W bFixed Support :16f Zv wL L ý
L b l.xO~ 307 E I

0~L
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NOTATIOI FOR TABLE 7.02

9a - Ls/L (design as 1-way in short direction If a <)

A - total web area of elevnent. In2

b - width of element of section, Ia.

d d depth of sectton, in.
E -elastic modulus, parallel to grain, psi

f de dynamic flexural design stress, psi

PS -L3 -2, 1G)2

"I - moment of Inertia of element, In4

I - nowent of Inertia of plies with grain parallel to span per
P Inch width, in3

I - moment of Inertia of element considering only parallel piles, in4

pp

Ips I for short span, In3

•" d,
L[ +I- OWZL [13 )

k 3  [477 + 180 0] ! PI/to

384 + 625 a3 - pg. Si/In

L w 1-way span, In.

Li - 2-way long span, In.

Ls 2 2-way short span, In.
03

S - section modulus of element, In3

"S - effective section modulus per Inch width, In
SP 0.85 times section modulus of plies parallel to span except S

1.50 times S of plies parallel to span for a 3-ply p
panel with face grain perpendicular to spa

S section modulus of element considering only parallek plies, In3

S - S for long span, In2P1 p
S. S S for short span, InI

PS P
Vdh a dynamic horizontal shear design stress. psi

V weight of section, psf

0'
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TABLE 7.01

RESISTANCE EXPRESSIONS FOR WOOD STRUCTURAL ELEMENTS

Flexure Shear Period in Flexure Yield Defl ,
qpal T1Pa .7 sec.. at U

"SOLID SECTION (TMmeor)

"ýf 94/ -632f W 5 ýX_
Simple Suppoxt L b 'dh"l-dIL 9.x IE d3 Ed3

Fixed Support df S 4 d'L 3.7x1O'3L2 .
L 3d 3ZEd 3

BUILT-UP SECTION (Timber)

.- way 8 1' df 2Aw 9,4rO " 3 *, b
Simple Support b2L 6 77 I 392

LLVd

-df S xlo4 ,fk 1 b
Fixed Support 2dff .9 1 k

PLATE SECTION (Plywood)

•4

I-way 81'f 8 L/ 7 ~4Z~
Simple Support -j- S Th -d/L 21EIZ

""12fdf 8 L4

Fixed Support 712~L 9.5xlO 4LA7
"p dL v-Zd/L E84E & pp

p, p
Simple Support 7-2- cc vAj22l 3 kii

*Fixed Support 2fdf 8 I9li

4
k4

DUILT-UP SECTION (Plywood)
1-ay8f s 4A SqL __

Simple Support KI L E~k T.xO3 2

*T L bLd ETf - p

12% -42W
Fixed Support - b bLVh1 8

L2 pp bL di 3
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NOTATION FOA TABLI 7.03

C9 w IA (design as 1-way In short directiont If CE<-

d - depth to centroid of tensile reinforcement* In#

-elastic. modulus -of concrete, pst; Eý 1.000(1

Es - elastic Youngs modulus of steel, psi

P w standard 28-day compressive cylindeor strength of concretop psi

fd - dynamic tensile yield stress of reinforcement, Psi

I - cracked section mooment of Inertia per inch width for short span, In3

k' depth factor for concrete stress block

k1  *77 + 180 a~J.. 4 psi/in
L

S

LL4

Lj 2-way long slab span, In.

LSs 2-way short slab span. In.

A modular ratio E AC
S c

a'percentage of tensile reinforcement at supports# 1-way slab

* percentage of tensile reinforcement at uldspuf', I-waY slab

Spercentage of tensile reinforceinent in long direction at widspan

* upercentagje of tensile reinforcemuent In short direction at NlSPansc

Ole percenttage of tensile reinforcement in long diruction at supports

4 s percentage of tensile reinforcement its short direction at supports

# - percentage of wrb reinforcement

W slab weight. psf
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TABLE 7.03

RESISTANCE EXPRESSIONS FOR REINFORCED CONCRETE STRUCTURAL ELEMENTS

FLEXURE - q: , psI

1-way Slab

"Simple Supports 0.072 f

Fixed Supports 0.072 (W,+ O)f (yF)2

dy L

2-way Slab

Simple Supports 0.108 0scdy )2 a + 3 2a

* Fixed Supports 0.108 (f + f L) 2 c a ic + ale 2
sc se dyL 2 C [ , se+ 729

PURE SHEAR - q , psi

'-way Slab
'Simple Supports 0.44 f- foL 00.Sf for r < 0.2

0 . S S f . o r d >
Cf 0.2

Fixed Supports Same a% for 1-way Slab, Simple Support

Slab
Simple Supports - (I + Cr) times value for a 1-way Slab spanning the

short direction when QŽ >
f.ixed Supports Same as for 2-way Slab, Simple Support

DIAGONAL TENSION - q psi

* -way, Slab r 0

Simple Supports 33.3 1 +r w r""-,10_ or "y f• whichever It
r,, 3.5 d greater
i~~i lO•J + 1 l~ + j y e|,.' (2r

Fixed Supports IO1 P * f7'( l20L 
whlchever Is3.5 d greater

Slab
SinVpe Supports + a) times appropriate value for a 1-way Slab"Fixed Supports S 3 spanning the short direction (axŽ 4)

0
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TABLE 7.03 CONTINUED

PERU* - To sec YIELD DEFL. *r o - xi, Ini

S-tiySab .- 1
4

2 tL

Slqil. 1upports -. !L

42,500 d

Fixed Supports.. d 307

85.000 df30EI

2-tiny Slab
Simple Supports 2. 2 X 02 io J'y qyIk1

Fixed Supports 1.9 it 102

0'
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7.07 DESIGN CHARTS AND TABLES

This section contains charts and tables from which a trial

design section for structural elements can be obtained. The charts are

based on Eqn. 7.01, the resistance- parameters of the previous section,

and the desi9n st.-esses and ductility factors appropriate for the particular

material, Sec. 7.04 and 7.05. It must be emphasized that these charts

are based primarily upon a flexural mode of failure and that the trial

designs must always be reviewed in order to Insure (I) that resistance in

other modes of failure Is always greater than that In flexure and (2) that

the accouvanying s:ructural deformations will not be of such a magnitude

that door operaticn becomes difficult or Impossible.

The table; Included give the appropriate flexural properties

of standard structural sections and the corresponding weight of the

section. They are to be used in conJunlction with design charts to aid

in the selection of a structural section with satisfactory resistance.

Charts 7.01 through 7.09 refer primarily to structural carbon

steel elements with: a dynamic tensile yield stress in steel, fdy* of

42.000 psi; a ductility factor. i. of 10; a peak pressure. Pm. of 50,

100* and 200 psi; and a yield moment which is the fully plastic .eint

of the section. Charts 7.01 and 7.02 idicate the Olnlmam thickness, t,

of a flat steel plate for various 1-way span lengths with sliple and

fixed supports. while Charts 7.03 and 7.04 show the necessary steel plate

thickness, t. for 2-way slab behavlor. The required plastic modulus

per unit width, Z/b, is give6 In Charts 7.05 and 7.06 for corrugated

steel plate and in Charts 7.07 and 7.08 for built-up steel sections.

* While all of the above results are based on a ductility factor

of 10, results for other values of p can be readily obtained by multiplying

the t or Z/b obtained for p - 10, by the proper correction factor K from

Chart 7.09. It should be noted that pa values less than 10 make little

difference In the results and, even for p w 4, the correction tactor for

thickness is less than S• and for plastic modull Is less than IO.

Results for other values of dyna"mIc tensile yield stress, fdy' can be

Id
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obtained by multiplying the result obtained for fdy 42,000 pst i'y the

ratio 42_000 In Charts 7.01 through 7.04 &nd by the ratio
fdy dy

In Charts 7.05 through 7.03.

Charts 7.10 through 7.14 refer to timber structural eleents

with: peak pressures of 50, 100, and 200 psi; a ductility factor of 3;

and an elastic theory using Increased allawable working stresses. The

charts can be used for any value of dynamic flexural design stress. fdf

but provide an In*isd;ate answer when fdf equals 4,000 psi.

The required depth of.a solid timber section for various span

lengths Is given In Chart 7.10 for a I)way span on simple supports and

* In Chart 7.11 for a 1-way span on fixed supports. In Chart 7.12 the depth-

flange thickness factor of built-up plywood sections required for various

span lengths Is given for a I-way span on simple and fixed supports.

For plywood plates on smple end fixed supports, the required effective

section modulus for various span lengths is shown In Chart 7.13 for a

1-way span and in Chart 7.14 for 2-wy spao conditlons.

Charts 7.15 through 7.21 refer to reinforced concrete elements

with: a dynamic tensile yield stress of steel* fdy of 44,000 psi for

structural grade steel and 52.000 psi for Intermedlate grade steel; a

ductility factor, i, of 3; peak pressures, p . of SI, 100, and 200 psi;

and a flexural mode of failure. Chart 7.15 shows the required depth-

to-span ratio for various amounts of flexural reinforcem*ent In 1-way

spans with sitple and fixed supports. For other values of fdy' multiply
a Do

the results for f - 44.000 psi by the factor ;. 000
dy NJ fdy

Based on various values of the expression (). ;Chart 7016

Indicates the corresponding value of peak pressure. p * wich would

result In a diagonal tension mode of failure and hence Indicates whethar

web reinforcement Is required.

in Chart 7.17 for itructural grade reinforcement, f ' 44'000

psi, and in Chart 7.18 for intermediate grade reinforcement. fdy " 52,000
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"psi, Is given the required percent of web reipforcement vs. !C for

1-way slabs with simple supports (- 0) and fExed supports to. make

the resistance of the structural element In diagonal tension equal or

exceed the yielt resistance of the same eTement rn flexure.

For 2-way slab behavior the required depth-to-span ratio vs.,

flexural reinforcement for simple and fixed supports is given-in Charts

7.19 and 7.20 for structural and intermedlate grade steels, respectively.

Results may be obtained for other values of f by multiplying the value

obtained from the chart by the ratio of the f The required

fdy

web reinforcement, P. P for 2-way spans, simple and fixed supports, Is

obtained by using the factors from Chart 21 according to the expresslo

(AS minus Cj where C is Inversely proportional to f4 1 .

Table 7.04 is used in conjunction with Charts 7.05 and 7.06.

Tobles 7.05, 7.06, 7.07 and 7.00 are used with Charts 7.07 and 7.08.

!i,+,t
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FIG. 7.02 TYPICAL RIEAL AND IDEALIZED LOAD - DEFLECTION CURVES

FOR A STRUCTURAL ELEMENT
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FOR FLEXURE

p, 1.90 f b~ psL

f=Dynamic 1erisile Yield Strms Ot. le, Si~ .
t = Plate Thickness, ia
L = Plot& Spon, irn.

"fdy 42,000 psi. -"

2.0

0.0

IIJ

*13

0.20

00

Span, L, .-

CNMT 7.01 REQUIRED THICKNESS OF Mr~ STEEL "AIM

ONE-WdAY SPAM. SIKPLE SJS'PORTS. &-1

0/



4.7
FOR FLEXURE

P" 3.80 fdr t L) Psi.

fy Dynamic Tensile Yield Stress Of Steel, psi.
t Plate Thickness, im

L zPlate Span, in.
10.0--

tj,42,000 psi.- -

* C O

** 1.0 -

I -

0t 012

001

Span, L, in.

0NAT 7.02 REQ1UIRED THIMKESS OF FIAT STEEL PLATES#

OKE4WtV SPAM, FIXED SUPPORTS, ti *10



FOR FLEXURET

5.70 fdY(-Lf/Ka, psi. a =L
ft Dynamic Tensile Yield t =Plate Thickness, in.
y Stress Of -Steel, psi. L $ Short Spqn, in.

K;: 3-2a/a T 3 + 2az LL= Long Span, in.

5.0

T5 b' o* .7 0.0 0.9 1.0

____fdy 42,O00 psi-

0J

1.0 2.0 5, to 1 20 - 0 too

Short Span, 1., in.

CkkRT 7.03 REQUIRIO THICKNESS FOR FLAT STEEL PLATES,

TG-IAY SPAN, SIWLE SUPPORTS, Ls- 10
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FOR FLEXURE

psi.Liz-. Short Span, in.
pm 1.40 L. Long Span, in.

""" f= Dynamic Tensile Yield t = Plate Thickness, in.

2 Stress Of Steel, psL Note: Check Designs For Shear
K2 V 3-2ctf'YT3 + 2a* When pg= 100 or 200 psi.

* A

20 - 0~? .9. LO 111

202
SLL

-- 1

1. -

,In ,.o ' - -I -i-'

I.,,

fdy 42 00p i,
0.0

t o .0) - 0 20 so too

Short Span. L., in.

CHRAT 7.04 REQUIRtED THICKNESS FOR FLAT STEEL PLATES,

TW,)-WAY SPAN. FIXED SUPPORTS, I , 10

9o
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QFOR FLEXURE

pm 7.60( j pi

f=Dynamic Tensile Yield Stress. Of Steel, psi.

b=Plastic Modulus Per Inch Width, in!
0.50F

**0.40> fdl,:34 ,OOO Psi

CC

009

*0 w

V.o.s V

CC.

4 aSpan, L, in.

CHART 7.05 AEQUIRED SECS10M OF CORRUGATED STEEL PLATES.

OwE-wAY SPA. siwLi SUPPORTS. 10 t
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FOR FLEXURE

p =15.20(-i#1(-F5) tpsi.

fdy, Dynamic Tensile Yield Stress Of Steel, psi.
L Spon, ia.

Plastic Modulus Per Inch Width, in!

0.0 °

•II 0,1- - - - --

N- . fdy: 34 ,OOO psi.

,* • __ _ - - , .•-- _. - -

0.30

' " .0 .. . ...

• 0,20 0 _ 6 0-

0.0

00

0!
0.05..

to0- -o 50 4 0106100

Span 00, in.

CKART ~ ~ ~ ~ ~ ~~ -7.6RQIE ET19 F2ORtAE TE LTS

ON-A PN IXDSPOT. 1
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For Plate Thickness - K f0.95

"For Plastic Modulu, -- K. 0.95

|T

Plotes- t t~ Kp

Sections Z~ KM

"1, 2

iIICRART 7.09 STEEL ELEKENTS, CORRECTION FACTOR Fop• uwOr

EQ•UAL MO 10

%°I
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MCI

,""For Simple Supports, For Fixed Supports,

S6.67 f td Spp ps. IO.Qdf S p s

fdf" Dynamic Flexural Design Stress, psi.
SPP- Effective Section Modulus (Parallel Plies Only), in.•
b Element Section Width, in.
if :Flange Thickness, in.

d Depth, in.

K9 4000
SKg t  

-df

- - --'--I0 -to

1-7y
0 =w

Spn L,/ in.Sa.L n

i-'"i ' 0 0, . 0'U

,._ _ ,, ..- ./ 1 - '-1

CHART 7.12 TRIAL OEPTIH-FLA)RGE Y14ICKN4ESS OF BUILT-UP PLYW.OO SEZTI!Ob&Z

VERSUS SPAN LENSiT." FOR ON~E-WAY SPAN, p~ 3

II
S/F
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FOR FLEXURE FOR FlEXURE
For Simple Supports, For Fixed Supports,

6.67 fdf 10.0 si.

ff=Dynamic Flexural Design Stress, psi.
SP = Effective. Section Modulus Per Inch Width, in,.

4000

0.30- 0 . 0

t c 0.20 -E-- 0.o2 0 ~ -

0.10 0.10t0

0 ___0

- 07-

0.~

.4-0

Li w
0.0 0.0* -

X*,0 t 00

0.0 0ýo

O.~i26 a to.0 - -

Span, L, In. Span, L, in.

CHART 7.13 REQUIRED EFFECTIVE SECTION MODULUS OF PLYWOOD PLATES

VERSUS SPAN LENGTH FOR ONE-WAY SPAN. SIM4PLE SUPPORTS AND FIXED SUPPORTS.

3i-
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FOR FLEXURE

PM 0.6 pO. (0 +~' fdy(Cf. psi.

fyDynamic Tensile Yield Stress Of Steel, psi.
Percent Tensile Steel* At Midspan.
Percent Tensile Steel At Supports.

d =Depth, in.
L =Spon, in.

Note; For Simple Supports Use *=0 And 0--2.0
To Enter Charts._____________

0.5c

0.50

* ~0.2

0.20 k5 t .r ed.0t 4.0qSt

"N44) perce 2,00nti

C)4RT A5 EQUREDFLEIJRAI.RENFREtTADDPh O

O 0-A IILEOtFXDSUPR ENOR20OCEE IS
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"FOR DIAGONAL TENSION
":" •-> 2.9 R'; 0L), Ps.

"fc 28 Day Cylinder Strength, psi.
d Depth, in.
L Span, in.

"Note: if pm Given Here is Greoter Than pm For
Flexure No Web Reinforcement Is Required.

120- - - - -

1 /0
10C

60

.,• /

04

20 1 0. 0

00

L' "L

CHART 7,16 WEB REINFORCEMENT CRITERION FOR ONE-WAV REINFORCED

CONCRETE SLABS FOR IA 3

?: .. ....................................
9:?
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;'.. FOR DIAGONAL -TENSIONt qy F4EXURE .q,__

100L+-Ll 1L 2 (v4] fir-(d? f >0.072 (0 +0)fd, I"-
fp= Dynamic Tensile Yield Stress Of St.eL psL,.
fe = 28 Day Cylinder Stringth, psL

=- - Percent Tensile Steel At Mldspon.
Percent Tensile Steel At Supports.

d Depth, in.
2.4 'L = Span, in.

"fdy 44,000 psi.

2r - - ,- -.

C

00

0.4

01ý = 0 43) 60 Do0o

.'i.

C14ART 7.17 REQUIRED PERCENTACE OF WEI REINFORCEMENT ONE-WAY REINFORCED

MCACETE SLAOS, SIKPLE OR FIXED SUPPORTS# STRUCTURAL GRAOE IEIIFORCEM.NT
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FOR DIAGONAL TENSION, y~ FLEXURE, qy

f:Dynamic- Tensile Yield Stress Of Steel, psi.
fc=28 Day Cylinder StreNgth, psi.
=) Percent Tensile Steel At Midspon.
=) Percent Teinsile Steel At Suppohts.

d =Depth, in~.
L =Span, in.

II.= f ,52,000 psi.

2.

Q.

4)

040

o1 0 uG 80 IOU

CHART 7.18 REQUIRED P'ERCENTAGE OF~ WEB REIMEORLEEMENT ONE-WAY REINFORCED*

CONCRETE SLAbS, SIM.PLE OR F~IXED SUPPORTS. INTERN&OIATE GRADE REINFORCEMENT



CO Cc, 00

a .-

O.2 (n(I 0Mtn-

I. I 0 10N

o~~a 0 0 C

0CC u 
0

001

u q 4

+ I
0% 0 04A

Cc~~~~P CC ___ -

-m-o- -0---0-
0 0000 w

CL L C a

ow 0

Za C

+ 0 41.

~~ +ý 0-a- 0

u LI w

0 4

9xU~V ~ a
* Z 4.

0 U) 0NO



CC 4-

= 4- .( 0

0) r

0 0c
- 0 WU

co U. "

0, .- 0 -/ .

r - -C 0 -04
;cn 0)~fU _j 4.

TI ~ 0.0

in n U) V, c

00.. 0.L .- wl w

0- 0 0 C,4
o 0% 0

&~~~4. 0.0 l-

I OLD

a

414

0 -

70~ w :

4) t

x~ 0 10r

o c~c
J



C!~

CL 0.. ao

CCC .#a ma

Ch (1) -j

0 CC a r

100

E tl

Cl) 411 4 Cl :N o -

0. CL CL a C4
If I of 41 f i

..... J Q

mao "13 J0400.

a at

Iif

oii

C+ in 0
LU in4 i u ý L

Le a -4

z u It . ILL + .4
Lu 0
0: 6.0

V J000-4Cl



TABLE 7.04 CORRUGATED STEEL

PLASTIC MODULUS PER INCH WIDTH()
b

(Use with Charts 7.05 and 7.06)

Supplied by Miulti-Plate (2 x 6 Corrugation~s) Corrugated Steel

zShape Factor taken as 1.5

Gage W Ab
In2  psf In

12 m%08 5.3 0.130

10 0.110 6.8 0.167'

8 0.133 8.3 0.204

7 0.148 913 0.228

S 0.112 10.9 0.261

Q. 1Q96 12.4 0.305

I 0,218 14.5 0.343
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TABLE 7.05 STEEL:=SECTIONS
L (z)

PLASTIC MODULUS PER INCH WIDTH T

(Use with Charts 7.07 and 7.08)

Supplied by Rolled Steel Sections Welded Flange to Flange

Z SectIon W Maximum q
b psi Yi,:In2 psf
in2 p, Simplea Fixedb

3.42 10 Jr 9 . 40.2 721 360

3.07 10 8 11.5 35.0 442 273
0 2.95 6 I 17.25 58.1 ISSO 775

2.82 8 8 13 39.0 545 272

2.82 8 Jr 6.5 34.2 592 296

2.26 8 8 10 30.5 384 221
2.26 5 I 14.75 53.9 1660 930
2.07 6 a 12 36.0 426 213
"1.92 7 Jr 5.5 31.7 694 347

.SS 4 WF 13 38.4 404 202

1.52 6 Jr 4.4 28.7 1070 535

1.45 6 a 8.5 25.9 326 163
1.43 4 1 9.5 40,7 1130 565
1.32 4 I[ 7.7 34.7 461 230
0.92 3 I 7.S 35.8 1410 705
0.82 3 1 S.? 29.3 437 218

Maxtmum Resistance. To Insure response occurs In flexure of the section and
not In shear or flexure of the plate, the span must be such that the
flexural yield resistance Is less than the maximum values given.
For fdy " 42.000 psi. Vdy 25.000 psi

Simple supports Fixed Supports

8 f 16 f.
q Q max q<

y 2 b'

y Ly
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"TABLE 7.06 HOLLOw STEEL TUBING

PLASTIC MODULUS PER INCH WIDTH T

(Use with Charts 7.07 and 7.08)

Supplied by Steel Hollow Structural Tubing

iit

Section W Haxlnwlia
bt. In. pf psi

In2 Simplel- Fixedlb

6.77 10 x 10 x 0.500 73.0 420 420

5.129 x 8 x O.500 71.0 66 6S6

5.21 10 x 10 x 0.375 56.5 236 236
4.54 7x7 x0. 30 69.6 858 820

4.08 8 x 8 , 0.375 5S.4 369 369
3.79 6 x 6 x 0.500 69.0 1170 980

3.57 10 x 10 x 0,250 38.7 104 1114
3.53 7 x 7 x 0.375 S4.4 412 482
3.53 6 x 8 x 0.500 60.9 6S6 $95
3.37 6 x 10 x 0.500 56.0 420 396
"3.05 5 x 5 x O.S00 66.5 1680 1220
2.97 6 x 6 x 0.375 54.1 657 657

2.82 8 x 8 x 0.250 38.2 164 164
2.82 5 x 7 x 0.500 59.1 85a 670
2.76 6 x 8 x 0.375 47.6 369 369
2.63 6 x 10 x 0.375 44,2 236 236
2.44 7 x 7 x 0.250 37.8 214 214
2.41 S x 5 x 0.375 52.7 944 865

* 2.22 5 x 7 x 0.375 46.4 482 482

2.06 6 x 6 x 0.250 37.6 292 292
2.03 4 x 8 x O.500 51.8 6S6 458

"1.91 6 x 8 a 0.2S0 33.1 164 164
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"tABLE 7.06 HOLLOW STEEL TUBING (CONTINUED)

Section W y 1

"2b dx b x t, In. psf p i d

In S1iple90 Fixed

"1.87 7 x 7 x 0.188 28.9 121 121
1.86 4 x 4 x 0.375 SO.S T470 1120
1.82 6 x 10 x 0.250 30.6 104 104
1.69 5 x 5 x 0.250 37.1 420 420
1.69 4 x 6 x 0.375 43.9 657 545
1.61 4 x 8 x 0.375 40.6 369 324
"1.60 4 x 4 x 0.312 43.6 1020 910

I.S8 6 x 6 x o.188 28.8 164 164
I.SS S x 7 x 0.250 32.3 214 214

1.46 6 x 8 x 0.188 2S.3 92 92
"1.34 3j x 31 x 0.312 43.5 1340 1085
1.32 4 x 4 x 0.250 36.1 656 656

1.30 5 x 5 x 0.188 28.S 236 236

1.19 5 x 7 x 0.188 24.7 121 121
3.39 4 x 6 x 0.250 30.9 292 292 "
1.17 3 x 5 x 0.375 40.4 944 635
1.13 4 x 8 x 0.250 28.2 164 164
"1.13 34 x 31 x 0.250 36.0 8S6 825
1.06 3 x 4 x•0.312 38.1 1020 770
1.02 4 x 4 x 0,188 27.9 370 370
0.95 3 x 3 x 0.250 35.2 1170 985

"0.92 4 x 6 x 0.188 23.8 164 164
0.88 34 X 31 x 0.188 21.9 481 481
0.8 3 x 4 x 0.250 31.5 656 5o

0.87 4 x 8 X 0.188 21.6 92 92
0.84 3 X s X 0.250 28.9 420 396
o.76 2* x 2~ x 0.250 '". 1 1680 3230
0.75 3 x 3 X 0.356 23.6 334 334
0.74 3 x 3 x 0.188 27.4 657 6S7
0.69 3 x 4 x 0.188 24.4 370 370
0.66 3 x 5 x 0.375 22.4 236 236
0.63 3 x 3 x 0.155 23.1 448 448
0.60 21 x 21 x 0.18.8 26.8 944 865

O.S84 3 4 x 0.156 20.6 2S6 256
0.532 2 x 3 x 0.250 28.4 1170 780
"0.507 2 x 4 K 0.260 26.4 656 460
0.470 2f X 2-, Y 0.141 20.7 535 535
0.468 2 x 2 x 0.188 25.8 W40 Ills
0.422 2 x 3 x 0.188 22.4 657 555
0.402 2 x 4 x 0.188 20.6 370 326
0.394 2 x 2 X 0.154 21.9 g94 695
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TABLE 7.06 HOLLOW STEEL TUBING (CONTINUED)

ZSection w 9aximum q
b2 d x b x t. in. psf psi -b

0.341 2 x 4 x 0.15S 17.3 252 252
0.331 2 x 3 x 0.141 17.3 372 372
0.330 2 x 2 x 0.17S M2 656 656

0.29S 2 x 2 x 0.110 16.1 508 S8
0.151 1 x I x 0.133 16.9 2970 1760

0.117 1 X I x 0.095 13.1 1520 1150

Islaximim Resistance. To insure response occurs in flexure of the section
and not in shear or flexure of the plate. the span must be such that the
flexural yield resistance Is less than the maxsimm values given.

For f - 42.000 psi. vdy 25.000 psi

Simple supports Fixed Suppots
-- " 8f <,,,L- .16. V <yd Z -

QV, mx. 5L



TABLE 7.07 STEEL Q-DECK

PtAST1C MOULUS' PER- INCH WIDTH )

(Use with Charts 7.07 and 7.08)

Supplied by Robertson~ Q-0eck Sections

Type Gage z W axiniumq
Section b ps pi

In2  Simple Fixed

UK 12 0.133 11.0 124 117

RK12 0.270 12.4 141 134

FK 12 0.534 14.5 116 116

OK 12 1.13 20.4 89 89

Maximum q values for steel with f 42#000 psi. v8  2S.000 psi

~~~ p*, 
d .- y'- . ' * N -. ¾ ' ' '*



TABLE 7.08 ALUMINUM I SECTIONS-°-

* .* PLASTIC MODULUS PER INCH WtDTH (V)b

(Use with Charts 7.07 and 7.08)

SuppleJ by R~oted anod Extruded Atumrnum Sectrons Welded Ftange to FTange

Shape Factor taken as 1.1. . ... ...

z Maximum qSection W psi m
Sb" P51 Y

d x b x plf psf

In2 In. x In. Simple Fixed

2.64 S xS x6.49 15.6 384 192
1.73 S x S x 5.366 12., 372 186

"1.48 4 x 4 x 4.76 14.3 435 217

1.10 4 x K x 3.06 10.5 494 24/

0.87 4 x 41 x 2.867 7.65 212 106

0.76 4 x 3 x 1.788 7.15 374 187

0.67 4 x 2 x 1.139 6.85 620 310
"0.64 21 x 2 x 1.80 10.8 1000 500

0.462 3 x 2 x 1.001 6.0 500 250

0.366 21 x 2 x 0.920 5.6 441 220

0.26S 2 x 2 x 0.78 4.7 220 110

IaXtMum q computed for 6061 T6 Alloy

dyi-f fdy "40,000 psi

v - 23,000 psidy

0 -

S** .....................'.,...... *..
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CHAPTER 8. DESIGN PROCEDURE
"• .... ~8.01 IuwM;rLaON

A general design procedure based on-the mAtrial of the preceding

chapters is presented in this chapter. In Chapter 9, an Illustrative

exzamle astig this design procedure Is developed.
SF.m the discussions In previous chapters It Is obvious that the

archliteturni layout, radiation shielding protection, and blast resistance

of the entrcAmway are all to some degree Interdependent and generally can

not be considered separately., In a large measure the geometrical configura-

tion and dimenslons of an entrance structure are determined by considerations

such as shelter capacity, entry flow rates, the terrain, the elevation of

the floor with respect to the ground surface, existing structures and

utilities, safety considerations. etc.

"Oace a preliminary configuration has been qualitatively determined

to satisfy these architectural considerationt. a preliminary check of

radiatica shielding requirements should then be made to refine further

the entrance configuration before a detailed shielding analysis is performed

"and before the structural analysis Is made for blast resistance. It Is

recoi.mwided that the radiation Inputs be considered In the following order:

pvoat vieutram radiation, prompt gaam radiation, and fallout gan"a

radiatlom. In all likelihood some modification in corridor lengths.

ewasber and location of bends, and In barrier shielding may be required.

The design of the blast door (or doors) Is a function of location

and orietation wich determines the maximum pressure to which they are

stibje'cte-d. of the material from ,4lch they are fabricated, of the support

conditions. and of the spans. The location of the door or doors Is dependent

,tipon .eraPl factors, primarily the terrain conditions, the pussible require-

-aent fr am Interlock. and the exclusion of fallout deposition within the

"-entrance $.ructure. Normally the radiation shielding protection (i.e.#

re4•ctioa t tor) afforded by the door itself is small and therefore Is

neg91Lted Z the shielding coemutations of this report.

wIa the g9refal doslr. -procedure. the steps are therefoee:

1-. Input dota

2.. A-schit•-tural layout design

% A,
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3. Radiation shielding design

4. Blast resistant design

"8.02 INPUT DATA

The designer must be provid*d with the folowing input data

or is required to make assumptions on these items.

I) Architectural Considerations

a. Terrain configuration (slopes, elevations. etc.)

b. Depth of shelter floor from ground surface

c. Existing adjacent buildings and/or utility line locations

d. Shelter capacity

e. Requirements for interlock (capacity and location)

f. Entry flow rates

g. Building codes requirements

2) Weapons Effects Considerations

a. Design pressure and weapon yield

b. Outside levels of radiation dose (prompt neutron, prompt

gamma, and residual gamma)

c. Acceptable total radiation dose within shelter proper

(prompt neutron, prompt gamma, plus residual gamma)

3) Preliminary Design Assumptions. For preliminary design.

assumptions must be made as follows:

a. Proportions of acceptable total radiation dose admitted

through entranceway and shelter proper

b. Contributions of prompt neutron, prompt gamma and

residual gamma radiation admitted through entranceways

As a result of the preliminary design, other proportions may be more acceptable

as long as the total is less than the permissible total.

8.03 PRELIHINARY CONFIGURATION

The preliminary entranceway configuration Is dependent upon both

the architectural considerations enumerated above and the preliminary

radiation shieldtn3 calculations for the worst case orientation of the

weapon with respect to the entranceway.

I) Architectural Considerations. A preliminary entranceway

configuration is determined based on the architectural considerations
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enumerat-ed above, I.e., terrain,, depth of shelter floor, existing buildings

and utilities, shelter capacity, etc.

2) Preliminary Radiation Shielding Calculations. To as5iSt In

making a preliminary entrance configuration for further detailed analysis,

it ts recomiteudedt that the p~rompt neutron~ rvdiation be considered ftrst~.

In order to do this the worst case orientation of the weapon with

respect to the ent ranceway must be determined.

a. Compute solid angle fractions tequired-for
shielding calculations.

b. Determine worst-case orientation for prompt nuclear

radiation.

*c. Calculate reduction factor required for prompt neutrons.

R-allowable prMpt neutron dose
f outside prompt neutron dose Do

This reduction factor may be obtained by means of barriers

and/or geometry (corridor lengths). Corridor bends hav.

only a negligible effect upon neut~ron attenuation.

d. Geometry. From Chart 6.01. It Is apparent that a geometry

reduction f 'tor. R , of about 0.2. Is the best

that can be obtained In the first leg of the entrance

:4A corridor. Beyond that point If further reduction In

neutron Intensity Is required. It can be obtained by length

of corridor and/or by the provision of a barrier wall just

Inside the shelter proper.

e. Barrier. By reference to Chart 6.03, A concrete wall with

a mass thickness of 100 psf (about 8") will provide a

barrier reduction factor, O(X). of 10-1 ; a mass thickness

of 200 psf (about 1611 of concrete) will provide a barrier

reduction of about 10 -

f Corrdor Length. If the entire reduction factor were
to be achieved by corridor length. the number of half-

lengths required beyond the first 900 bend may be

calculated as follows:

Rc -Rf(2

v4iere a number of half-lengths. (see Section 6.04.)
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g. Corridor Length and Barrier. If a combination of corridor

length and' barrier reduction is possible or desirable*

the number of half-lengths is obtained as follows:

"Rf -Re x Rx Bx)

where Rf overall entrance reduction factor

R , entrance reduction facotr
* .

R - cerridor reduction factorc

B(X) M barrier reduction factor

R (n

•:• f I

Rc "R aBX)"

8.04 RADIATION SHIELDING ANALYSIS

Following the preliminary determination as to entrance length

and configuration the folloung analyses should be made In sequences

1) Calculate the prompt neutron contribution admitted through

the entrance opening.

2) Calculate the prompt neutron contribution admitted through

the roof slabs and walls of the entrance structure,

3) Preliminary check: the sum of the first two calculations,

*,.y I) and 2), should be about half the "allowable" prompt radiation dose.

4) Calculate the prompt garmma contribution admitted through the

entrance opening.
5) Calculate the prompt gar.•aa contribution admitted through the

roof slabs and walls of the entrance structure.

6) Calculate the secondary gamima ray contribution due to neutron

absorption In the entrance corridor walls. (The present report gives no

information on how to do ibis. The Inclusion of this item Is based on the

assumption that future investigations will provide such a means.)

7) Preliminary check: the sum of calculations 4) and 5) should

- be less than half the "allowable" prompt radiation dose.

,o~.*.*.**P*~**~* W '
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8) Calculate the residual gamma contribution admitted through

the entrance opening.

* . 9) Calculate the residual gamma contribution admitted through

the roof slab and walls of the entrance structure.

10) Add the contributions caicutated rn steps t), 2). 4),

5), 8) and 9). The total should be less than the "allowable" dose

admitted through the -entrance structure. At this time adjustments can

be made in the original design as required to meet the criteria established

or the criteria might be revised in light of the attenuations possible from

the complete design. Having performed the preceding calculations it should

be clear as to what effect t'he lengthening or shortening the entrance

corridor and the addition or deletion of mass thickness In various barriers
* will have on the total contribution received through the entrance structure.

Economic considerations will dictate what changes are made In the previously

established criteria as to the proportioning of dose through the entrance-

way and the shelter proper and In the design of the entranceway structure.

8.05 BLAST RESISTANT DESIGN
* .The following procedure Is used to desl p the various structural

elements of the entranceway structure, Including the *ills adjacent to

the open stair-well. the stair slab, the landings, the Interior stairs,

and the corridors:

1) Pressures. Determine the pressures to which the various

structural elements will be subjected. This pressure will be a function

of the location of the element and Its orientation with respect to the

blast wave.

2) Properties. Determine the properties of the various materials
that will be used, e.g.. soil properties, concrete properties, reinforcing

steel properties. etc.
3) Loading. Determine the loadings on the various structural

elements.

4) Flexural Resistance., Determine the required flexural

resistance of the various structural elements and the section required

"to provide such resistance.

- . . . . . . 'v tr. 7 -.+. ~. * . . ~ '.'. r-
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"5) Diaqonal Tension and Shear. To insure ductile behavior,

the yield resistance for diagonal tension and pure shear must exceed

the flexural yield resistance.
6) Ultimate Deflection. Determine the ultimate deflection

of members acting against the backfill under loading in order to calculate

the required resistance.

8.06 BLAST RESISTANT DESIGN (CHARTS)

In many cases the design of the structural elements of the

entranceway structure may be done more expeditiously by the use of the

Design Charts of Chapter 7. For illustrative purposes, the following
"design procedure for the door element using the charts is presented:

1) Depending upon the orientation of the door (i.e.. flush at

the surface, not flush at the surface, or within the entrance corridor).

select the design pressure.
2) Select the type element (i.e., flat steel plate, corrugated

steel plate, built-up steel section, aluminum section, reinforced concrete

slab, solid timber section, plywood plate, or built-up plywood section).

3) Select the following design parameters:

a. One-way or two-way span, simple or fixed supports.

L. or L and L.

b. Design stresses (fdy and vdy).

c. Ductility factor for structural Integrity, (64).

d. Clearance requirements on deflection.

4) Determine thickness of section requirad from Charts and

Tables.

5) Check design for shear from Tables.

6) Check clearance requirements. if required, revise m as

required and obtain new section. Step 4), and check shear, Step S).

0•

S ........................................................ :............................ _........................ _.........
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CHAPTER 9. ILLUSTRATIVE DES IGN EXAMPLE

"9.01 INTRODUCTION

In this chapter is presented a design example Illustrating the

use of the design procedure of Chapter 8 and the t•chnical fmtrLal.

contained In the preceding chapters.

"The design example is included for illustrative purposes only.

The input data assumptions and the assumed radiation dose criteria are
not to be considered as standard criteria. In an actual entranceway design,

local site and soil conditions, population distribution, radiation dose

criteria, etc.# would have to be obtained from architectural, engineering,

and/or civil defense organizations.

* 9.02 INPUT DATA
1) Architectural Considerations.

a. Terrain; level

b. Depth of shelter floor from ground surface; 12 ft.

c. Existing adjacent buildings and/or utility lines; (not
pertinent to example design)

d. Shelter capacity; 800 persons

e. Interlock requirements: assume none

f. Entry flow rate requIred:

Given: Warning time; 15 min.

"* Button-up time; 3 min,
"Total entry time; 12 min.

The hypothetical area to be served by the shelter

is assumed to be a SO acre, suburban, residential area

with a total population 0f 800 persons, uniformly dis-

tributed (Fig. 9.01). The actual arrival rate at the
shelter entrance as a function of time Is dependent

upon many variables Including the state of readiness of

the shelterees, the distances they have to travel to reach

the shelter, the ages and physical condition of the people
Involved, etc. In a specific instance some of these

variables can be Identified and evaluated.

..................................:~. rrc,4 ,.~
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For the puarpose of this prob~lexp, the arwimA
rate was assumed to be primarily a function of0

"distances the people would have to travel to rwmd

the shelter entrance. The area was divide&. Into

subareas and It was assumed that those closest to 0&

shelter could reach the entrance in an avereg. ofM
m~inutes. The results of the calculations ame

tabulated below an~d platted in Ftg. S.W2.

Subarea go.. Persons Avera"
_________ Time of Arrkyel

1 ~40

2 204

3 20a

4 tactS

5 T6O 16
Totat 80(k

Based on the histograms Fig. 9.02. a pash

entrance f low rate and an average entrance flow am

of 120 and 80 persons per minuate. respect'ivel[W a

considered adequate. These rates correspond to staoftd

entrance rates for a 2 unit, stairway (4ft.v~dt)- ftt

that the next smal ter unit. a 1.5 unit staleney, Vano

adequate to admit this population io the tl~ime tenal

assumed.

2) We Effects Considerattons..

a. Design overpressure and weapon yield,. 50 psi &ad I W,

respectively.

b. Outside levels of radiation dose;

Prompt Neutron; to be determined.

Prompt Ganuna; to be determined

Residual Gaftwn; 93.000 red

c. Acceptable levels of radiation doses within sheletei.

Prompt Neutron and Prompt Ganma&; 20 v"d

Residual Gai=nQ; 20 rad
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These "acceptable" doses are only assumed values

for this example problem and do not reflect criteria.

3) Preliminary DeSl-gn Assumptions. It has been assumed in the

following example problem that half of the tatal dose (40t rads) would be

received through the shelter proper and half through the entrance system.

It has been further assumed that the 20 rods received through the entrance

system Is divided equally between-prompt. and r estcduaL. These may be

*summarized as fol lows:

Through Shelter Proper 20 Rads

Through Entrance System

Prompt 10

Residual 10

20

Total Dose 40 Pads

These proportions will vary with a given shelter and entrance.

The final proportions will depend upon the relative cost of the entrane

system vs. the shelter proper.

9.03 PRELIINARY CONFIGURATION
I) Architectural Considerations.

(a) General. Based on the preceding discussion. It Is

assumed that:

1. the entrance structure must provide a change In

elevation of about 12 ft.

2. the cross-sectional dimensions of the corridor

are 4' x 74

3. no interlock is required; therefore, the blast
door w ll be placed at the shelter end of the

corridor.

(b) Surface Transition Element. For the purpose of this
example It Is assumed that the shelter is located in a school yard or small

park so that there Is no danger of a significant amount of debris In the

entrance. Further, since the terrain Is flat, an open entrance (with a

railing) Is used to avoid the reflection of the shock wave which would occur

V.
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from the housing over a covered• entrance.

(c) Depth Element. To avoid an unnecessarily long entrance

corridor in the flat terrain, stairs are used rather than a ramp.. Accord-

Ing to criteria discussed in Chapter 3, the stairs have a tread of 9 1/2"

and a riser of 7 3/4". The maximum height between landings should not exceed

8' 6". Since a corridor height of 71 0'"' s required, and, since a cover

over the landing is required for blast and radiation protection, the first

flight of stairs should approach the maximum (8' 6").

(d) Radiation Shielding Considerations. The following basic

principles of radiation shielding design of shelter entrance structures,

of: must be cons idered:

I° The riser element should be designed to obtain

maximum cover over as much of the entrance torridor

as possible.

2. The legs of a tortuous entrance corridor should be

of approximately equal length to maximize the

reduction factor for prompt gamma radiation for a
given total length of corrldor.

"3. Turning the entrance corridor through 900 Is more

effective In reducing prompt gamma radiation than
adding an equivalent length of straight corridor.

2) Prel minary ConfliuratIon. Based on the preceding brief

"considerations. a preliminary entrance configuration Is depicted In Figs.

9.03. 9.04 and 9.05. The slab thicknesses may have to be changed after

considering the blast loads.

3) Preliminary Rodiation Shielding Calculations.
(a) Soot Solid AncFacin R ic for Shielding

Calculations. (Figs. 9.03, 9.04. 9.05 and 9.06).

(1) Calculate solid angle fraction subtended by
opening at Point I.

4o0 49 ft-.:i! os-IcoiC 2 )-.4.92 ft.

SI.1
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L-,..______ 62 -6l
L sin (-- ) 2.78 ft.

CosO 2

U M *4ft.

W 2 tan t i - cos (90 -e 1.34 ft.
S+ W m in

Use W ave m 2 2.67 ft.

w 2.67
Therefore, e - - - 0.97

1 .78
an 2n ' 2 (4.92) .5

and .-7 -L.78 4

I From Chart 3, Ref. 6.02, wia 0.05

(z) Calculate solid at.gle fraction at Point 2.

Assume W - 4 ft. and L 7 7 ft,

Conmute Z (locate Point 2 at 3-l0|I above

'4 floor to simplify calculations)

%are. tooi

867
2 Go$ y Cos(•-) 10.5 ft.

II

Then, e 0.57 and in - 3.00

From Chart 3, Ref. 6.02. ta 0.04

(3) Calculate solid angle fractions at Points 3 and 4.

, L z V

tj 4 7 9 0.57 2.57 0.05
4 3

4 7 3 0.57 o.86 0.29

(b) Determine Vorst-Case Orientation for Pro2Mt Ruclear
Radiation. There are two cases which should be

irvest igated.
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Case 1. The weapon can be "seen" from Point I

through the entrance opening..

Case 2. The weapon can be 'seen" from Point 2

through the slab over the landing.

(1) Neutron Radiation. The reduction factor for neutrons

at Point 4 for the two cases may be written

"(subscripts indicate cases);
•; Rft - Rel x Rci

* Rf 2  %b2 x Re2 x RC2
where Re - entrance reduction factor

Ac - corridor reduction factor
.Rb a barrier reduction factor

Re is a function of the solid angle fraction

subtended by the opening at the point of interest.

R Is a function of the Itngth of corridor beyond

the point of Interest.

Cse 1. From Chart 6.01 (since uwI 0.0s)

tR 0.2-. by 0.3 (for neutrons)

it U

v here n 2 s it-- - ÷

and L!/2 0.366 (W. ÷ L) + 0,366 (4 + 7) 4.03 ft.

Theeo . 64ft 64 0.010
c 2

Therefore, Aft - (0.3)(0.020) 6.0 x 10-3

Case 2. Can not use for AI because the slab

subtends a much smaller solid a*gle fraction.

02 - arc tan a- 28.90

1267 2
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0,- arc tan 7  46.10

.~(e% -8.6°

- I 8 (sin 8.60)J 3.72 ft.
3

L-4 ft.

*- Z-Cos 8.6[ - 12.3 ft.

-"Then e 0.93, n =6.15 and - 0.012
@2

From Chart 6.01. RBe - 0.13
.I. n L 9t-0" + 3'-0"I

- (-) * where n --- + 2,97
cz L1i2 4.03

Rc -0.13

For a mass thickness of 175 psf (1411 concrete)

and angle of incidence of between 28.90 and 46.1

RbZ (175 psf) - 0.1 from Chart 6.04.

Therefore, RfZ- (0.1)(0.13)(0.13) * 1.69 x 16-J

Con~aring Rfl and RfV. Case I is the worst

case orientation for neutruns.

(2) Gamia Radiation.

R mR (0.1 0.5 W3)(O.5 od

Rf2  R R2Rb2 (0. * IW)(0.5 w4)

Since the factor (W3 )(0.5 W4) is conelon, It may

be omitted and Rf1 , 0.05 R

From previous calculations and frLa Charts 6.01

and 6.02: Rfl: 0.05 (0,58)(0.04) 1. 1,6 x 10"3

A o0 (O..i)(0.o03.) I,. x -0
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SCou' raring RF and Rf 2 it.is apparent that*

Case 2 is the worst case orientation for prompt

gamma, However, the difference is not great

and can easily be made up by increasing the mass

thickness of the slab over the landing.

What mass thickness -is reqvtred to make R Rft
fZ fi

for prompt gamma?

Rf= (O.l)(O.ga9) Rb2 - 1.516 x lO-

or RbZ -2.97 x 10-2

"From Chart 6.02, for 30 angle of incidence, a

barrier factor of 0.0297 is obtained by a mass

thickness of about 180 psf,

Use Case'l as worst-case orientation.

'V (c) Prompt Radiation -Worst Case. Since 50 psi exists at

a horizontal range ;f about 4,700 ft. from the point of

detonation of a one HT weapon, the slant range of the

shelter entrance from that point is:

Rv .5600 ft.

"Cos -0 - C2

The provt nuclear radiati•n dos.e outside at this slant

range IS (Ref, 5.01):

Prompt gaw - 11,8O reds

Pronpt neutron - 750 rads

Rote! Conversion factor; I neutronisquare centimeter

equals 1.8 x 10,9 rad (Art. 11.87, Ref. 5.01)

)' ,
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(d) Calculate Reduction Factor Regulred for ProMpwt

Neutrons. '4For a first approxination it is assumed

that half of the "allowable" prompt dose through tbe

entrance is contributed by neutrons. Then the

reduction factor required for prompt neutrod Is:

Rf is-•oo 0.00667

(e) Corridor Length Required for Neutrons. (No barrier

inside shelter).

Rf 1n

Rc)'.) • 0.066 0.0222

"c€ 0.3

Therefore, n • 6 half-lengths

L - 6 x 4.03 24.2 ft. required

Length of second leg 10 ft.

Length of third leg * It ft.

Length of fourth 49 - 5 ft.

26 ft. > 24.2 ft.

Note that for neutron attenuation the length along the

center-lIne of the tunnel between the po;nts of Interest

is used. The total length of corridor required could

be reduced by providing a barrier wall inside the

shelter proper. If an B" concrete wall were provided

*just Inside the shelter (beyond the blast door), the

equation for the total reduction factor becomes:

xt - R x
f a c

where %b (100 psf) - 0.1 (Chart 6.03)
R O. 00661n

TRc FmoW - 0.222 n

Therefore, n -2.2

Total length 2.2 x 4.03 9 ft.

% %'
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The installation of such-a barrier would eliminate

the necessity for the third and fourth legs insofar

as the neutron contribution is concerned-. The

shelter entrance would then appear as shown in

Fig. 9.07. Although the space between the barrier

wall and the blast door cannot be occupied initially,

it may be possible to use this area after some time

has elapsed. A cost comparison then would involve

the cost of the third and fourth legs in Fig. 9-.03

versus the cost of the unusable shelter area plus

the barrier wall in Fig. 9.07.

For this oxansple it has been assumed that the basic

configuration (Fig. 9.03) is less costly.

9.04 RADIATION SHIELDING ANALYSIS

1) Pr(mpt Neutron Dose through Entrance Opening. From previous

calculations

R -R X R 6 a6 046

"" Rf x 0 ,(0.00468)(so) - 3.5 rads at Point 4

where - inside dose at Point 4

0 a outside dose
0

2) Prompt Neutron Dose through Roof and walls.

(a) Slab over Point 1.

B() Darrier Reduction Factor. If the slab over the

landing were infinite in extent the barrier

reduction .afforded by the slab at Point I can be

determined. The fact that the slab is not

Infinite would make the barrier more effective.

.Fro Chart 6.04 the Barrier Reduction Factor for

14 MeV neutrons Is

SRb(180 psf) - 0.18 for 900 incidence

bb

Rb(18o psf) a0.02 for tJ icdec

.. . . . . ..A
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The actual angle of incIdence for the assumed

point of-detonation Is 8 2 or about

35a

Use R (180 psf) - 0.1 for 35° incidence.
b

S(2) •orrldor Reduction between Points I ,ud 4.

1 2 m.016

(3) Contribution through Slab over Point 1.

*Rf -RbXR -.0001 6 -

"D. a Rf x D f 0.0016 (750) - 1.2 rads at Point 4

(b) Slab over Point 2.

(1) Barrier Re.duction Factor.

Concrete - 175 psf

"Soil 100 pcf x 3.83 ft. 383 psf

558 psf, say 560 psf

"From Chart 6.04, (14 HeV)'

R b(560 psf) - 0.001 for 900 incidence

R b(560 psf) - 0.00013 for 00 incidence

Use % (560 psf) - 0.0005 for 350 incidence

(Z) Corridor Reduction between Points 2 and 4.

! . 1 6
.n 4.-a '4; andR -R 00624.03

(3) Contr'hution through Slab and Soil over PoInt 2.

ft f - % x R - S x 10. x 6.2 x 10- 3.1 x 10"

01  Rf x 00 - negligible dose at Point 4

(4) Wall Contribution. The only wall contribution of

significance is the contribution through the wall between

, the first and third legs. For the assumed orlentatioa

(00) and an infinite plane tarrier (i.o.. assuming

*-,4 %4



214 4.ec g.04

the walls between these legs to be infinite in length

"and width), from Chart 6.04 the barrier reduction

factor at Point 3 is

"X - (V1 4" concret4)( 150 pf) + (4' 411 erth)

(100 pcf) : 780 psf

Rb (780 psf) - 1.0 x l0"

R - 0.5 (from Point 3 to Point 4)

Therefore, R Rb x Rc - S x T0o

0- Rf x 0 - negligible dose at Point 4

3) Preliminary Check, Neutron Contribution. Adding the

contributions:
through entrance:. 3.5 rads

through roof slab: L.2 rads

Total neutron - 4.7 rads at Point 4

"This sun should be < S rads.

4) Prompt Carmma Dose through Entrance Opening.

f e x R1 x x

where Rf - total reduction factor

R - entrance reduction factor.
Cth o

Rn a reduction due to n 90 bend-

R -R (0.1w 21(o.s ()(o.s aW)

(See Fig. 0.03 for designatinn of solid angle fractions.)

"" o eo2s P (12)( 3 )(w4)

SU L Z • n e

2u 4 7 10 0.57 2.85 0.04

% w3 4 7 Q 0.57 2.57 0.05

4 4 7 , o.s7 0.86 0.20

rroa•w provlnus calculationst, W 0.05

2,.
* ° f
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From Chart 6.01. R = 0.6

"Therefore, Rf . 0.025 (0.6) (0.04) 10.05) (0.29) m 0.87 x 10-5

"1 -" zf x °0.8- x IQ x L I . -8 x. 104-1
1 0

'D. 0.1 rads at Point 4

5) Prompt Gamma Dose through Roof and Wells.

(a) Slab over Point 1. Assume. no.geometry reduction. i.e.,

a plane barrier of mass thickness X in the z-direction

and infinite in the x-y plane.
-2 o

"From Chart 6.02, Rb(ISO psf) 2.90 x 10 for 30 incidence

Therefore, Rf Rb (0.1 w2) (0.5 u 3 )(0.5 w4) " 4.23 x 10"7

.7 4
D0 ft x o m 4.23 x 10 x 1.18 x 10

I f o

, negligible dose at Point 4

(b) Slab and Soil over Point 2.

From Chart 6.02, Rb(5 6 0 psf) 3 x 105 for 300 incidenct

Therefore. Rf- Rb (0.1 W3) (0.5 w4 )

Di - negligibie dose at Point 4

S(c) Slob and Soil over Point 3.

Rf " f0 (0.1 = 3 x 10" x 0.1 x 0.29

S•f 1.7 10

0. * negligible dosO at Point 4

(d) Contribution throutgh Walls.
Negligible dose at Point 4

6) Secondary Gsu RayLContribution from Corridor•Walls. This

section is included to make the outline complete. In lieu of an available

* procedure fbr soch calculation, it is assunted for the %Lk of the Illustrative

problem that the hazaed has been eliminated by a boron cuntaining chemical

on the walls and/or that a degree of conservats'w in handling other aspects

of the probem is adequate to take care of the matter.

T %

"- . • . . _. • * . . * *.'. .-. :.. A. *_.. %.• Ar." A. A .'. � "."A.' '..' • ; .'.• '* "• A. " "' "•" •' • w' " " ' • - '% °"" ' '- .'."'• .'. -
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7) Preliminary Check, Total Prompt.

Dose admitted through entrance structure:

Neutron ~ 4:7 rads

Gamma 0.1 rads

Total 4.8 rads at Point 4;thts total should

be < 10 rads.

Note that if the fourth leg of the corridor were omittejd the

prompt neutron dose would be increased by about a factor of 2 since one

half-length - 4.03 ft. In addition, the prompt gamma dose would be

increased by a factor of . or about 7. Therefore, at this stage

it appears that the fourth leg is not required to meet the total prompt

dose assumed. However, depending on the dimensions and orientation of

the shelter, this fourth leg may be required soley to connoct the entrance

to the shelter.

8) Residual Gamma Contribution through Entrance Opening. It

Is assumed that the contamination is uniformly distributed on horizontal

projections of ail surfaces. In addition, it is assumed that the landing

and the floor below the grating are similarly contaminated despite the

fact that the slab overhead protects them to some extent.

(a) Skyshine Contribution at Point 1.

I) ., 0.05

From Chart 10, Case 3. Ref. 6.02, A - 0.0021a
(b) Contribution at Point I from Contamination below Grating.

(Fig. 9.08). Treat as a contribution from a roof with
•".X "0 psf.

0 Pt

C C (W 0 psf)

where C - contribution from below grating

W - 4 ft. L
"'" Z "4 ft.

"e I and n Z

.* 1f



J ..

.7 . . ., . ...

Sc. 9.64 217

From Chart 3, Ref. 6.02, - 0.13

Froiw Chart 4, Ref. 6.02, Cg- C (0.13, 0 psf) 0.024

(c) Contribution at Point I fr(m Contamination on Landint.

(Fig. 9.08). Treat as contribution from roof with

X 0 psf.

SC c 2  # 0 psf) - C' (cjl, 0 psf)

where CL - contribution from landing

If L Z • W CL

('3 4 9.83 3 0.407 0.61 0.32 0.070
12

"W 4 4 3 1 1.5 0.20 0.042

.Therefore, C 10.070 0.04Z]" 0.014

(d) Contribution at Point I from Contamination.on Stairs.

(Fig. 9.09). The limited strips of contamination on

the stairs are too small to compute directly as In

the previous fashion. Therefore, to obtain the

contribution from the contamination on the stairs It Is

recommended that the plane of the detector be rotated

so that It Is parallel to an Idealized plane through

the stairs. If the shielding afforded by the edges of

the top steps is Ignored the contribution from these

steps will be exaggerated. Using this conservative
approach, the growid direct contribution from the

contamination on the stairs may be calculated as follows.

* Treat as contribution from roof with Xo a 0 psf.

¢ Cs [C (, Opsf) - Cs ('1. )

wheri C. contribution from stairs

.. .•. .. , . ', *.".-, , ,, . , .*.,,." S , " 4: .,, .* .' .,•. ,• 4, C*,',4* . *,- ,: .. -' .• .• , - •,# ,2 .- ' . _ ,,..•": ... ", ,0 - . .', 2, •
- .tT
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e -arc tan 41 58.60
38

(c4.92 1 9A) 5.42 ft.
"sin 58.6

4.92W1 1 .- 9 ) sin 19.40 - 3.83 ft.
sin 58.60

L2, 3.83 + 2 cos 39. 28.3 ft;

w W L Z a n C5

4 28.3 5.42 0.14 0.385 0.20 0.042

3.83 4 5.42 0.96 .2.72 0.08 0.015

*CS (0042 0.015) 0.014

2'
(e) Total Residual Contribution at Point 1.

C•( - A + C + c + c

TI -0.054

(f) =Dose at Point 4.

C.l (0.1 2)(O.5 wi) (0.5 w4)

fI 0.025 CTI (W )( 3(W )

fl-c•(l 2 3)(ows )los•

Rf1 - (0.o25)(o.o5)(0,04)(o.os)(o.25) - 0.62 10-

r 1 Rfl X 0 0 0.62 x 10 6 x 0.93 x 105

-0.1 rods at Point 4

9)' Residupi Contribution through Roof Slabs and Walls of

Entrance Structure.

"(a) Slab at Point 1.

W - 4 ft., L * 4 ft., Z * 4 ft.

Therefore, e I and n w 2

From Chart 3. Ref. 6.02. w 0.13

0

•- ,, ",- .- " .. * 4-• - '"-- -•;, .' - •' ,*• •-.." .'T ' - -'.' '•, .-3 /•n " ,4.. , w....% h , *,**, -. •• .- 4' ! -• . 4-r.. ".
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From Chart 4, Ref. 6.02, Co(w 180 psf) - 0.0015

R f . C0o.1 2)(O.5 to3)(G(.S w4) w 2.20 x 10o~

-850 - Rf X - Z.20z IQ " .9.1 wa 1

- negligible doso at Point 4

(b) Slyb at Point 2. (Fig. 9.10).

" "a V L n f X
0

w 4 4 4 1 2 0.13 560

0 o 4 7.67 6.83 0.522 1.78 0.09 370

wo3 4 12.67 6.83 0.315 1.09 0.13 180

C0 c C 0 1 ( " X0 1o [Co(W0o X02) - 01(w0 xo2 ]

[Co3w3x 0 ) C ~oZ wo2' Xod)
From Chart 4, Ref. 6.02.

C1 (wo1 , Xo1 )-<< 0.0001
""Ol (w0 1, X 21 w<0O,001

CoC0W I IoX0) - < 0.0001

C 02(%o2 Xo3) - 0.0009

" Co3 (Uo3. 1o31 - 0.0014

C x 0.«01

C << 0.0001 + < (0.0001 - < 0.0001)

+ (0.0014 - 0.0009) - 0.00025W,.

Therefore. RA Co.1 f3)(0.5 w4) - 1.81 x 10

0 ~ R -x 0- 1.81 x I0-7X0.93ji 10O

- negligible dose at Polit 4

.7 77-. % .
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(c) Slab It Point 3. Even If w~ were 1.0, (I.e., effect
00

Sof geometry neglected) the contribution Coi1.0, 560 psf)

is << 0.0001. (Chart 4, Ref. 6.02).

Thorefore. Rf C (0.1.a 4  <1~ .~~82

S<< 2.9 x 10.6
Therefore, 01 - XR 2 o << Z.9 A 16-Y a.%& X 1051.

-<< 0.27 reds dose at Point 4

10) Total Promet plus Residual Radiation Dose. The radiation

doses at Point 4 calculated In the previous paragraphs are sumarized as

follows:

Source of Dose Prompt tutron ProMr t Gama Residual Gamma,
Entrance Opening 3.5 - I)* 0.1 - 4) 0.1 - 8)Wf)

Roof Slab - Point 1 1.2 - 2)(a)(3) negi. - 5)(a) negi. - 9)(a)

Roof Slab - Pot.it 2 negl. - 2)(b)(3) ne91. - S)(b) negi. * 9)(b)
Roof Slab - Point 3 - negl. - S)(c) 0.27 - 9)(c)

"Wells negl. -2)pc) pjL i- 5)(d) -

Totil Doses 4.7 rads 0.1 reds 0.37 rids

Total Dose 5.2 reds
*Refers to section In which the dose was calculated.

If, as was assumed for this Illustrative design exaiwile, a total

dose of 20 rods is permissible through the entranceway, then this entrance-
."way design is *ore than adequate. It Is worthwhile at this point to

examine the effect of omitting one or more legs of the entranceway corridor.

Only the effect of omitting the third and/or fourth legs will be examined,

inasmuch as the first two legs are required to descend to the assumed

level of the shelter, the Building Exits Code of the National Fire Code

*"limits the vertical distance between landings to 80-6's and a tortuous

path is raquired to prevent the blast wave from reforming as an ideal shock.

Omission of the fourth leg of the corridor would increase the

prcopt neutron dose Just Inside the shelter by a factor of approximately 2

....
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Ito the -- power, or by a factor of 2.36. The prompt gaa& and residual,

gama dose would at the same time be Increased by a factor of approximately

- 1 .6.9
0.5 (4 0.5 x 0.29

"Therefore, the total prompt plus. residual dose received Inside the shelter

when the fourth leg and third bend are omitted Is:

Prompt Neutron 2.36 x 4.7 a 11.1 reds

Prompt Gams 6.9 x 0.1 a 0.7 rods

Residual Gamma 6.9 x 0.4 a 2.8 rods

Total Dose 14.6 reds

Therefore, from the radiation shielding standpoint, the fourth leg and

associated bend could be omitted and the shelter entered directly along an

extension of the third leg provided the dimensions and orientation of the

shelter proper were such that this entrance configsratlon would be possible.

Oaisslon of the third and fourth leg and associated bends would

"Increase the prompt neutron dose Inside the shelter proper approximately
16by a factor of 2 to the 1- power, or by a factor of 15.6. The prompt

g9a& and residual gama dose would be Increased by a factor of

(0.5 z76

Therefore, the total prompt plus residual dose received within the shelter,

proper when the third and fourth leg and associated bends are omitted

would be:
Prompt Neutron 15.6 x 4.7 - -73 rods

Prompt Gna 276 x O.i - 28 reds

Residual Gamma 276 x 0.4 110 rods

Total Dose 211 rads

Therefore, from the radiation shielding standpoint. the third end fourth

legs and associated bends can not be omitted unless a barrier is placed

perpendicular to the last leg and within the shelter proper.

. UStS•
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In the design of an entranceway for an actual shelter,,

additional possibilities should be investigated such as the inclusion

of a barrier, the reduction in length of the third leg and omission

of the fourth leg. etc. The mast desirable solution would be that one

which provides the required protection at the least cost. Furthermore,

when the total shelter system, i.e., the entranceway and the shelter

proper, is being designed, a reapportioning of the amounts of radiation

allowed through the entranceway and shelter proper may be required im

order to obtain the most economic design for the total shelter system.

9.05 VL.ST RESISTANT DESIGN

1) Pressures.

(a) Side-on Overpressure.

p 50 psi
so

(b) Peak Reflected 3verpressure. At top (exterior

stairway. landing, and interior stairway) the

pressure is

i7P +4p
p u p (0 ps-
." so 7P + p

0 3G

(c) Peak Reflected.Overprossur., In corridovi below

9round with tortuous entrance (Q - 90 dge¢eo benda)

the pressure Is

p p - lO0 psi
Pr Po

2) Pateria properties.

(a) So i Prjperties. Stiff uosaturated clay. estioate

(2) k 1 100 psi per inch of deftletion

(3) -0. "* . -I
p

(4) 7 - 120 lbs/ft. 3 -0.07 lbs/fi•r

i(5) I , ton/ft. 2  14 psi

- 141psi
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(b) Structural ;4aterial Properties.

(|) Conc.rete. f' C- 3000 psiC

fd- 1.25 f- 3750 psi

ud -0.15 f6 - 450 psi

C6
Ec - 1000 P - 3 x 106 ps

~ EE -10
•.. C

(2) Reinforcing Steel. Intermediate grade with

ASTM A-305 deformations

f - 52,000 psi
dy

3) Design of Walls Adlacent to Open Stairwell.

(a) Lateral, Loads on Wall.

(1) Inward Loading (2) Outward Loading

P" 200 psI

Ph X P (i)(50) 25 PSI

* uniformly dIstributed
SP (I)() 0 SO p•s

2!c JK - (2)(14 pOW)() - 28 psi
p

.3-zK- (.07 lb/•0 )(108,1)() -8 psi

Net - 200-50-28-4 * 118 psi
(controls design)

__ .,.. .," . . " •" ,",,.+, ".","' ' " " , % ,% ' ""'" ,,"* . + '' . +. . ° . ' " + ' . ,* ', ' . +. , ,•."", + . .

.=.:;,+.'+ , , +, ". , **%. '.,' ,+, " +,+ ,,." .' . *, .. , . .* ... • +,• '+. . m + . ... . . ... ..- '..,+. % p+• '+ +,
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(b) Analysis. Use a triangular shape to approximate the
well dimensions.

13*

dd

y

a. Pilaster along c-c to provide fixity for stab,

b. Yield moments aloing lines over supports &-a

and c-c.

c.Yield moment alonig line b-b at angle ai

with X-axis.

d. Similar reinforcement In x and y dlirect ions;

* .. yield womeflts are equal, i.e., X m y
where in ohd *I are the yield moments In ft.lbs/ft.x y
in the x and y directions respectively.
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. Note: Since yield line Intersects free edge

lot at angle aC 900, need a "substitute

corner shear" as in elasticity.

my

Ot m y cot Q.- normalf shear

force in obtuse. (')
- normal l shear

force in acute L_ (x)

Ot - (1) a

(z) Wall Portion P.

Moment about c-c of yield moment acting

along b-b

(my) (length b-b) (sin 0)

.(m)(j- .)(si IA - 9 n

EXI -9m +9m i d - 0

, i 9t L d2  3da
0 Y 9 m••.- --- wp w0

4, dd
4.w, -3)(0~(8~~ LZ - 0.074)

191

twhere my. ft.lb/ft.

do ft.

lb/ft. 2
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"(3) W&ll Portion r.

#4" OL - 34.P
CCo

h "B cos9q
13-d

f B sin(q

t

?,Homent about a-a of yield moment along b-b -8 G cos

gyy
"" Substitute corner shear Is at 9 d y

When a - m . yield tr-xent along a I ine at angle 0 Is

Is " Co l 0 + ( sin - , ; . .C ma -" "
0 M y y * 0 y•.~~ 0(15 .8) f

-- 15.8 %+a my cos +ma f- -- 0
• ,42 3 G

l5.m Dmdf 28 + a Cos ) + 2.63fwQ- lse % y 9T "y "zo

wQ { a (15.8 + a cos (p +
2.63 fZ

*% 

%
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(4) Equate Wp and MI. To obtain uniform load giving

yield moments indicated in portions P and Q, equate

w. and w

(12004 1 df
:::(R 0.074) -(•15s8 + h + •

d 2.63f

"By Trial and Error solve this equation
9.0

Try d - 4.7 ft., tan a at 1.915, c - 62.40
4.7

- 27.7°, sin. -T .464, cos 4 - 0.886

9 9_ ,f

- l0•O.89 .7 ft.

"f -B sin P 4.72 ft.

h -8 cos T -9.00 ft.

*Y[ -z 0.074] (o.s44 - 0.074)-0.470~wr - myL47 - -ay

. 15.8 + 9.00+ (4.7)( 4.721

Q (2.63)(4.72) 2 9 .00

0.467 my (close enough to 0.470 my)
y

2where w Is In lbs/ft.* .470 m

(c) Requlred Flexural Sectio.

Ci() RestIsance.

Now-- I - here 3
q

Pm "0.833 qy where p" qy are in psi

For pa a 25 psi. qY 30 psi

For Ps f 116 psi, qy 141 psi

V%
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:•(2) sel Lion.
w 0.470

* . But from above 4-4 -y 4 my 0.00326
No 0 o= - 0.009 qp fdr" aZ d f q 0-- .1

S- (0.009) (0.5)(52000o)(1 ft)d.

- 234 d2 ft.lbft.

For qy p, d30 40
(0.00326) (2.374)

Therefore, d 61 in., say 7 i-n.

For T o.s, A s (0.005) (1) (12)

- 0.42 sq. In/ft.

Use #5 at 8 In., (0.31.)( - 0.46 sq.,n/ft.

(each way, each face)
-'~C 0 ,qa. 055%

Anchorage required, Length - 0

52000 - i8 I..
4 x450

"For qy - 141 psi

141"d Z5.0032912 "186, d •131 In.,say 14 In.

Thickness - 17 In.

For T w o.s. As - (O.OOS)(14)(12) - 0.84 sq. in/ft.

Use #7 at 8 In., (0.60)(1) 0.90 sq.ln/ft.

(each way, each face)

0 O.54%
"52000 7

Anchorage required, Length 4 - 6 " 25 In.

(d) Clagonal Tension and Sheor. Previous calculations are

for ductile behavior in flexure. Yield resistance In

,) shear and diagonal tension must exceed flexural

resistance. For diagonal tension and pure shear Idealize

by comiodvrIna * vne-we•y :,:a- -. h fixed supports at

aid-depth (L- 78 in.).

* .... . . * *' . " - "-.. •"
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44

* 4. •

(1) Diagonal Tension.

Take #6 at 6 in. horizontally (slightly < d/2)

at 8 in. vertically (-, spacing of flexural
reinforcement)

01"
41 1V o..~gL4[ +2(09) 500)

100x ( 0 .54) (30001.) l ( 5z)

us 100 (0.833)(l + o.96)(40.3)(0.18)l

- (6580)o(0.0324) 1 213 pal > 141 psi, OK

(2) Pure Shear.

For <0. Z, q. 0.4 fc /

at mid height, 0.18, (0.44) (3000)10.-8

us 290 psi > 141 psi

at top, us 0.09, qy (0.44) (3000) " g9"

us 131 psi, say OK

(e) Sketch• Fig. 9.11 Is a sketch of the reinforcement

In the exterior stairway walls.

4) Stairway Slab. The wall design was based on the asstmption
that a yield noment existed along line a-&, i.e., at the stairway slab.

The yield moment of the stolrway slab must be at least equal to the yield

moment of the wall in order to provide continuity at the corner. Therefore,

the minimum slab section must correspond to the wail section, i.e., d a 14us

with #7 at 8 In. In each face. This requirment is greater than that for

the Interior stair floor section which carries a similar loading; see

paragraph 9.05-5).

%-"

*,.-%**i

• ", " .. . "" ,,,', "" " ,'" 'i -', - .. . . . ." ". ", .< ",- , ., -- '.... *', .. . . • i.f ' -. - " , "
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Therefore use J a 14 In.

- 18 In. (4 In. cover to ct.. bottom steel)

#7 at 8 in. top and bottom.

5) Mesrqn of" CorrTdqr SectFon.

Interior dimensions: width - 48 inches

height - 84 inches
(a) Wall Section.

(1) Loadings.
Design as one-way slab with fixed supports.
Load acting Inward:

-"Pm - Ko0P so - 25 psi
*- -p50 --20pss

Using. IA 3, required qy -.30p

Proportion wall section for this load and check

for condition with following load acting outward:

Pr li 0 psi with l" 10

: (2) e .

Assume thlcknoss 10 In.

4 d 7.5 in.(2.5 In. cover

to ctr. steel): d
L 84 In., [- 0.089

a. Flexre.

o- 0.072 (÷ + 94 f, %
Therefore (T V p') - 30

(o.07 (5o2)(0.089)2
•'., - 1.017.

For 9 - 0.507.. As 0.0050 x 7.5 X 12

- 0.45 In. /ft.

Use #5 at 8 in.. A. 0.47 In. /ft. each face

." " 0.527.

qy 0.072 (0.52 + 0.52) (5000) (0.089)2

- .30.9 psi > 30 p SoI(S 011

%" %
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b. 0iawqonal Tension and Sher. To assure

ductile behavior, the yield resistances

for diagonal tension and pure shear must -

exceed 30.9 psI, i.e., the flexurol yield

resistance.

Diagonal Tension
"Assume minimum percentage of shear reinforcement:

0.- .25

Try #3 at 4 in. vertically (approximately d/2)

at 8 In. horizontally (- spacing

of vertical reinforcement)

I. 0.341•.ii .. v 8x4"

10 x4

2. <, ,oo 'u fd00. 1 I + - .~ JV ciF T

.5 1°60 ý .°8912

-35.3 psi > 30.9 psi

"Therefore. the assumed dimensions are

satisfactory subject to further chck.

Pure Shear
dd

rFor i < 0.2 q 0 4 4 ." f L

L
• " ,.00089

Therefore, qy t 0.44 x 3000 x

- 129 psi > 30.9 psi, OK

c. Yield Deflection

1-54 00 100

0.52 X 0D 052 X 10 2 0.52 ~1
2 so +O -1 10r
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" :" 0.327 - 0.052 0.275

-(k'd)
3 + n ( d3 0 kb) 2

a 100

-"(0.275 x 7.50 10 x 0.52 x 7.5 o 2
3 100

" 2.9 + 11.5 1 14.4 114

qVL4
Therofore. 1y 307 E1 I

30.9 x 18"1
+ - .... - 0.12 in.

307x 3 x 106x 14.4

"d. Ultimate Deflection for Lpad Acting Outward,

"Pr 100 psi

Using , 10.x - 10 , 10 x 0.12 ,1.2 ih.

Paxiimm passive resistance avolleble > 80 psi

(see paragraph 3)

Required passive resistamce- 100 - 30.9

-69.1 < 80. OK
Passive resistance mobilized . EoPSo + k xu

69,1 - KOPso 69.1 - 25
;. Therefore. xu .. K- 1+00

-0.44 in. < 1.2 In., OK

Since the required passive resistance is less

than the maximum which can be developed, and

the required ultimate deflection to mobilize

this Is less than the 10 Ny. the load acting

inwtrd controls Oe. desig•.

• % -. + * . *%% " • % " %%, " *% ***% *.% + , • ,% % % % ,%•*"• .%. . . . .+ . • + % . . .+ •.
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4(b) Roo~f and Floor Section.

Design as one-way slab with fixed supports..

Load acting' inward (neglecting weight o* 50-1
and concrete which are sisll coampared with

pressures acting): p P pso 50 psi

U 50

Load acting outward: p r-so 100-50 -50 psi

Proportion roof and floor sections for 50 psi
acting in either direction.

p
Using i - 3, required qy 60 psi

(2) Design.

Assume thickness - 10 in. (sawe as walls)
d - 7.5 in.

L 48 In., d/L. - 0.156
,'., e.Flexure

In order to satisfy the assumption of fixed

ends for the wall section, the mInIlim

reinforcement in the roof and floor must

correspond to that selected for the walls.

* Therefore, try #5 at 8 In. each face.

P* 'I' - 0.52 ,

* 0.07o 2 (0.52 + 0.52)(52000)(0.156)2

-94.5 > 60 psi. OK

".Use #5 at 8 In. each face
,:.: b. Diagonal1 Tensiton

Use some shear reinforcement as in walls,

0. 34,

I

.. *4,.
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<" 3 3 4 
s e e .. 9 .0 5

X .0 .156)2

1.- 58s psi > 94.S psi, OK

C. Pure Shear

For • 0.2. qy 0.44 x 3000 0.156L. =0.15

2- 44 psi > 94.5 psi, OK

(c) _Anchorage Reguirements.

Required length of anchorage - (bar diamieter)
4

For #5 bars: 52000 4 X i8 in.
(d) Lonwitudinaj Reinforcement.

'"Use O.ZS , A , 0.25 x 10 x 112 0.30 In. 2/ft.

Use #4 .t 16 in. each faice
(e) Sketch. Fig, 9.12 IIs a sketch of the reinforcement

, •. In the corridor section,

6) Design of Interior Stair Section.
Interior dimensions, width to 48 Inches

height 106 Inches vertical

82 Inches normal to stairs•i::: (a) W l ection.
• ' { I ) _L o di d n g s .

Design as one-way slab with fixed supports.
"Load acting inward: p " Kopso - 25 psi

Using u , 3, required q. 30 psi
"Load acting outward: p r 200 psi with P 10

L:.

%

4 . .

i• " :', -• •,'• '+. " + •,' •-' :- .''.,' , . _ .•"","; . , .••-.-..,,., ;" .'" '": . ' . ."-
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The maximum possive-resistance available to a

depth of 9 ft. is 82 psi, see paragraph 3),.

Thus, the passive resistance expressed as a
function of the sibgrade modulus, Kop + k x

should not exceed 82 psi. The minlmum
deflection which will mobilize this resistance

is therefore:

K P + k - 82
oso U

-(5) + 1 -0 XU 82

82- 25
o -- - 0.57 in.

The corresponding yield deflection is x- X /100

-0.057 in.

The design of the walls will be made on the

assumption that the full passive resistance I-.

mobllized, I.e., . a 200 - 82 u 118 psi. The

yield deflection will then be checked and

compared with the ainlwA yield resistance of

0.057 in.
(2) Cetiqn.

Use qy - 118 psi

Assume thickness 14 It.

4 d i.5 In,

L - 82 in.. d/L O.140

a'. Flexure

+. 118
0o.o72(szooo) (o.140)o l

For 9 -91 0.805%, A - 0.0805 x 11.5 x 11

"1.11 in I ft. inclined

Required vertical A. 1.11 106 8 in /t.
.. .- 1.86 .f

1..w,...r..-*ig - -R iJ.

A *%'.~..''~.*A ~ ~ AAA.
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Use #8 at 5 in-* A - 1.90 in2/ft" each

* face vertical

incitned A 1.14 in /ft.

-¢ - 0.8A•

-y 0. o7(o.82 + o 8z) .20ooo)(o.14o0)

- 120 psi > 118 pst. OK

b. Yield Deflection

*k# - 82 10 + 0-82 x 102 0.82 x 10
50 0 100

- 0.315

A(0.315 x 11,5)3 10 x 0.82 x 11.5
5-.- 3 100

0( - 0.315)2 - 15.9 + 58.5 - 74.4 in4

"120 x 824

A • 307 x 3 x 106 x 74.4

"- 0.0792 in. > 0.057 1n.0 OX

c. Diagonal Tension
Try #3 sttrrups at 5 In. vertically

at 5 in. horizontally

0 1+ 092] 1 + 2 x0,44 x 52000

soto'•:,:,.. xx 3000 '.0.14012

- 118 psi - ZOpSI. OK

d. Pure Shear

d 0.140For < o.2. q 0.44. x 300x()
- 215 psi > -20 psi, OK

!psi, ,.

Since the sectitux Is satisfactory for diagonal

tensioo and pure shear the reinforcement

selected on the basis of flexure Is satislfatory.

'.,'.:, S , • *. . .. . . -, * . *5 . . .5 .*. , , . .. *.5.*.: . , . . . .. . . . . . . ,"•..
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-(b) Roof and Floor Sect4"!.

(1) Loadingt.

Design as one-way slab with fixed supports.

Load acting inward (neglecting weight of soil

and concrete): Q,, -! p5  50 psi.

Load acting outuard: p a r n p o - 200-50 - 150 psi

Proportion roof and floor sections for 150 psi

acting outward. ~P"
:Using i 3, rttired qy m-- 180 psi

2(2

(2) De; Ig

Assume thickness 12. in.

-d - 9.5 in.

L - 48 In., dA/- 0.198

a* Flexure

180~( +.. 1.23%
OfT (52000) (0.198)i

For 9 w T' - 0.62%, A a 0.0062 x 9.5 x 12
5

- 0.fl in /ft. required

--- Available I" wall reinforcement: #8 at 6j in.,

Therefore, AS - 1.46 in 2/ft. each face

qy 0.072 (1.28 + 1.28) (52000)(0.198)2

.- 376 pit > 180 psi, OK

b. Diagonal T*msion

*, Try #3 stirrups at 4 In. longitudinally In span

at 6j In. xransversely in span

0.11•'-•'(Pu -4 X 0.424

---•-- • - . . .. , ,, • •. • • % % • .% . %. - .• , ,., , • .• • • • % ," , • •, , %.•,• , • . , .,. , • , % q . %"• ", , ," •' '•" • ,., ' ,, % ..' " • o -"*'. ." ''u"o
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0(.1 l + 1 i8 [ .2o 520
ml 3• " . N [+ 0.4245 xS2000

1.8x3000 018

- 291 psi < 376 psi, but >> 180 psi,

therefore, OK"

(c) Pure Shear

d . 0.198For < 0.2, oY 0.44 x 3000 1 8

- 326 psi < 376 psi, but >> 180 psi,

t' therefore, OK

Therefore, the dimeiisions a,1 reinforcement

selected are satisfactory.

(c) Anchorage Requirements.
F52000 8
For #8 bar: 4-x 450 x 29 In.

(d) Longitudinal Reinforcement.

Sam•e as for corridor sections #4 at 16 In. each face.

(e) Sketch. Fig. 9,13 Is a sketch of the reinforcement

In the Interior stair section.

"7) Dei~gn of Landing.

Interior dimensions: height - 96 Inches

width see plan

...-- Interior stairs. don

Ext. stairs._ 6" Wall section

I Wal Landing.'wall it!o _60-

0h'

- . . . . . . . . . . . . . .A° ° . . .
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(a) Wall Section.

(1) Loadinas

Load acting Inward: p. K p5 - 25 psi

Using so 3, requtred qY 30 psi

Load actinlg outwerd: p r -200 pi~'

(a) Design.

* Design as two-way slab-fixed~at roof &ad floor

*nd at the corner:

Fixed

fm fre*

LAm9  Assumed yield
lines

Fixed -6

An approximate yield lI ne analysis wilIl be umade.

Yield lines are assumed as shown'. Since the

yield line locations have been assused, the yield

resistances for areas (1) and (2) will not In

general be equal as would be tho cast If the

* yield lines were In their theoretically correct

position. If the arbitrary yield line location

Is reosonable, however, the yield resistance of

the slab may be taken as the weighted average

of the resistanCes Of the Individual areas. I.e.,
q1 A I + q2 A2

* .~:where q Is the yield resistance and A the area
of the individual areas Indicated by tMe sub-

script. The yield resistance for the slab on
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L A
this basis becomes, for -. <2: L

A LA
(I -i-A

where L Is the span and Ki the corresp6hding

positive or negative resisting moment, subscripts

A and 8 referring to the long and shdrt spans,

respectively.

The-walls for the adjacent Interior stairway

*were de31ilned using q 118 psi acting outward.

If the same wall thickness Is used here, thes

deflectims will be similar and the passive soil

resistance will also be similar. Therefore,

design for *y 118 psi.

Use; thickness a 14 In.

d -11.0 In. (average d for 2

layers of stoel)
L. 096 In.
A
toa60 In.

* a. PFlexcure L

L A
[6 * + ; 8 ~AA ( L

3 L

Make I 14A~ MA % K; 1, then

- ~ 1 N ~ . 12.9

b7
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-118 x 96 x 60 27300 i.lb. - 0.009 9 f.
24.9

• 27300
Therefore. • - 2 - 0.483M

0.009 X 51000 X U2

A5 - 0.00483 x x 12 0.64 is 2Ift.
horizontal and vertical, each face

Use #5 at 6 in. horizontal and vertIel. each face.

A5  0.66 ina /ft.

b. Oiagonal Tension #nd Pure Shear

These requirements will be satisfied as for

the interior stair walls since the length

of support Is greater (3 sides fixed) and

the corresponding shears will- be smialler.

Use #3 stirrups at 6 in. vertically and

6 in. horizontally.

(b) Roof end Floor.

(1) Loadingt.

"Load acting toward (neglecting weight of soil
and stab): P -pso m SO psi

Load acting outward: P Pr " Po 200 -5 150 psi

using pi 3, required w -.-Y18 s

""(2) DRv n. Design as two-way slab fixed on two

adjacent sides with support at cornert

Support -
f~ree A

J" LA 60#4

Yield lIteo* "-I fixed at Walls

'60"

O'.
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An approximate yield tine analysis will be made.

Yield lines are *szumed as shown Intersecting

at the median of the triangle formed by extend-

Ing the fixed sides to Nrce their length. Th

yield resistance of the slab expressed as the

weighted average of the yield resistances of

the Individual areas Is

S-4.6 + 36 +46 + 3.6
LA A a 5S

a. Flexure

LA LBu60 In.

180 (4.6 + 3,6 + 4.6 + 3.6) o
602

* ~ . 18o x~ 602"14 , EwI - 39,400 In. lb.

Use thlckness w 14 In.

d 1 1) In. (average for I

layers of steel)

-----,-- +.94o00"i • =" ... . ... . . . . .. = 0 .701%

0.009 foo d2  0.009 x Slam0x

As - 0.0070 x It x 12 - 0.92 In 2/ft. each
J way in ,ech face.

Use #7 at 6 In. each way in each face,

*e+ A " LA'20 in /f.

b. Olqonsli Tension and Pure Shear

These requirewnts will be satisfied as for.

the Interior stairway roof since the lending

roof Is thicker (14 in. versus 12 in.) and
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the length of support is somewhat

greater (2 sides fixed plus about 24 In.

at corner support). Thus, the correspon4-

ing shears will be smaller.

Use #4 stirrups at 6 in., each way

(c) Sketch. Fig. 9.14 is a sketch of the reinforcement

in the landing section.

9.06 BLAST RESISTANT DESIGN (CHARTS)

In many cases the design of structural elements of the entrance-

way structure may be done more expeditiously by the use of the Design

Charts and Tables of Chapter 7.

Although it has been assumed for the purposes of .this

Illustrative design example that there is no requirement for an Interlock

and the blast design of the structural elements and the radiation shield-

ing analysis of the configuration has been performed accordingly, for

purposes of Illustration both an exterior door at the ground surface and

an Interior door In the corridor will be designed In this section usln9

these Design Charts and Tables.

I ) Horizontal Slidlng Door at Ground Surface. The exterior

door at the ground surface I; flush with the ground (0 0 angle of incidence)

and is therefore designed for 50 psi side-on (Fig. 5.09). The door

opening Is 4 ft. by 12 ft. 9 in.. This latter dimension does not Influence

the structural design of the door.

(a) Door Design.

Assume: Effectiv e Spa. ,, 48 in.

Chart 7.01 inditates that a thickness of flat

steel plate 1.25 In. thick will suffice,

weighing SO lbs. per sq. ft.

Chart 7.07 Indicates a section modulus, Z/b, of

0.36 in. 2 is required.

Reference to the Design Tables of Chapter 7 will permit the

"designer to choose the appropriate section. The following configurations

'.4

0"
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, • 4- adequate:

1. Rolled 1-sectlons welded flange to flange

(Table 7.05). Lightest possible section is

688.5 which provides a section modulus of

1.45 and weighs 25.9 lbs. per sq. ft.

2. Structural Tubinq (Table 7.06). 2 x r x 0.154

provides a section Modulus of 0.394 and weighs

21.9 lbs. per Sq. ft.

3. Plate and beam section. No tables are provided

for direct selection of plate and b•m tombinations.

Building one up with plate of 0.25 In. thickness,

Chart 7.02 indicates a maximA distartce of 1.4 In.

between line supports. Ass.,me this -to be center

"to center of beams, I.e., neglect the support

"provided by the beam flanges, and asum the

beams to be B Jr 6.5. The following calculations
are required:

S 4.7 in 3  A A 1.91 i

Z S.x Shape Factor 4,_*1.0.- ,, -- -0.335 Io2 < 0.36 z
beau spacing 14

But would be edequste considering the contribution

of the plate.

Sheer Ae.•stanc ,Check.

Web Thickness - 0.135

•Shear Aesistamoe per be.. tw x depth x 25,000

- 0.135 x 8.0 x 25.000

- 27,000 lbs.

,Y(sheer) _z72_:j 101'i q (shar)" 271000

"- 2000 * 81 psi
14 A 24

.......
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* ' Fl~ural Resistance.

For stability, limit contributing length of

-- i. pLate so -• < 11-

Therefore, b - 17 x 0.25 - 4.25 In., and

Effective plate width - 4.25 + 2.25 - 6.5n1 In.

Combined area - (6.50) (0.25) + 1.92 - 3.54 In. 2

Therefore, N.A. occurs at depth where 1.77 In.2

above and below:

.1.77 - 1 62 1 1.06 in.

Assume N.A. at p ate-bea Interface

Therefore. 8u- 1(1.62 x t) + (1.92x 4)] 42,000
- 323.000 in.lb.

04 y x b
8 x 323,000

y ' 14 -x 48 x :9 80 psi

"Therefore. section is 64"auate

(b) loor ATrck. The track for door to run In Is tO be

provided by a wide flange section Cast into the side wall of entrencewqy.

For active pressure there Is no problem sin*e load acts down through the

wall and this Is adequate.

For rebound we mout check flei~e of section used.

Try I0WF33 I (for rebound)
Passive pressure - "so (O

Therefore, load per Inch of bean x 50 x 24 - 600 Wbine.

MKoent at web fillet - 600 x 2 In. 1,200 in.lb/In.

-u • 0.0285 In3 requiredf dy 42.,0 b

z
b for iOVF33,

bt =I x 0.123 x 0.433 0.04? In3 > 0.028g
4ir 4

Therefore, section adequate

"r .,,..,•.: .-..:~~~~~~~...... ......... •.... .- ..-..-.................. ........ ......
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(c) Sketch. Figs. 9.15 and 9.16 present details of the

door and track design.

2) Hinged Door In Corridor. If an interlock element Is

desired an interior blast door must be placed In the entrance corridor

near the shelter In order to protect those in the shelter In the event

that the exterior door, e.g., at the ground surface,- Is not closed. The

design provided in this exeaple will consist of a swinging d&or opeming

outward into the entrance tunnel. The door Is to be placed at some

position along the final section of the corridor so that the support for

the blast which the door must resist will be provided by the entrance

corridor.

In order for the door to be out of the way of the flow of

traffic It is necessary for the door to be recessed In the entrance

corridor wall in a manner such as shown In Fig. 9.17.

Since It would be necessary to Increase the roof span of the

entrance corridor in this region, adequate resistance must be provided

In this region. Procedures for this phase of the design are provided

In other paragraphs of this chater.

Peak reflected pressure at door,

p as 2 Pso" 2 X 50 0-lO0 psi

from Chart 741, the required z 0.74 In3

From Table 7.06, this section oodulus is provided

by the following sections of hollow structural

tubing con••cted to form a solid door.

3j x 3j x 0.156 23.6 lb/fs.t o - 0.75
b

4 x 6 3.13823.8 lb/ft.2 09

( b) M . For a 4 ft. by 7 ft. door the total weight

"will be approximateiy 720 lbs. Including h•rd&are. Since for this

configuration the hinge Is not called upon to resist any of the blast

"load, It iust be designed to carry only the weight of the door.

.°.
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The hinge should be provided with teflon sleevei and boaring
surfaces so that corrosion will not bo a problea and maintenance will

be a minimum.

C.) Sealing. As mentioned previously the corridor wall

provides support for the positive phase blast. Sealing can then be

effected most conveniently by a passive gasket sealattached to the door

or to the s.•port surfaces.

(d) Negative Phase or Rebound. Resistance for this load-

Ing must be provided by some system Inside the shelter area. The

easlost way to provide this support is by a system of sliding bolts.

Negative phase or rebound p a * 50 psi

"Total load an door- 48 In. x 84 In. x 50
189,000 lbs.

The bolts provided should not undergo permanent deformation

during this loading and should therefore be proportioned so that the

max ilmua shear stress does not exceed 20,000 psi.

Required bolt area 189,000 10 Ia.I
20,000

S. .... 1- 0 pins will be more than adequate

These bolts (pins) must be supported and the load resisted

transmitted to the door. In order to ae:t this requirement and to avoid
local distress. an attachwent Is required on the Inside face of the door.

'. The thickness of this attachment must be checked to make sure that It

Is adequate in bearing.
" 0.6f -A.. 1. 3 5 f t d

i;°.'0.6 f dy 4  y

t-0.6 - d 0.35 d

For d - 1.25 In., t " 0.44 in.

Therefore, use ST 7 WF 4t 42

Web thickness -- 0.451

"The pins will slide Into the wall and for this purpose a channel

"should be cast Into the wall with holes drilled approximately 1/8 Ia.

4;o

* '.

,:2*4 . . .. . . . . . .. . . . .. .. . . . . . .

, %. . . . . ' * 2 . 2 2 2* .
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oversize to accomnodate the pins without difficulty.

Holes are al-6 required in the ST 7 WF to acconodato the

ptns. SLotted hoalow tubes must be provided to keep the pins In posltion

for act!vatiot.

(a) Sketch. FIg. 9.18 Is a cross-sectional view of the

dooF and Its supports.

9.07 INTEGRATION OF STRUCTURAL ELEMENTS

,,1As the designs In Sections 9.05 and 9.06 are presented solely

as an Illustrative example, no attempt has been made to provide complete.

structural details, nor to provide any uniformity of steel reinforcement.

These details, plus ties or dowels for Gontinuity# must be considered

in the final design.

41
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LiA'ils Of fPosadenlial Areo Served.

Total Population. '800 Person
Total Areo: -50 Acros
Number Of Subcfecs:5
Shelter Locat io~li Center Of Area 1.

FIG. 9.01 HlyPOT14ETICAL AREA SERtVED BY SHELTER
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Angle Of Incidence

Ownw

PLAN VIEW VERTICAL SECTION

Z k,-In

0sund on Of
Detonation (Worst Casat

FIG. 9.06 DATA REQUIRED FOR CALCuLAToN
OPENING AS VIEWED ~ OI HL RCINSBEDDB

FROM POINT I O OI NL RCINSBEDDB

OPENING AT POINT I
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12 at 9.! _ __ _ __ _

VERTICAL SECTION

+1

PLAN: VIEW

FIG. 9.08 GROUND DIRECT CONTRIBUTION AT POINT I FROM LANDING
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-Plans of Detector27

Idealized Plane Of
Contamination On Stairs

9.0

PLAN VIEW

FIG. 9.09 GROUND DIRECT CONTRIBUTION AT POINT 1 FROM STAIRS.
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P lane Of Contamination

..... ....

FIG. 9.10 OVERHEAD CONTRIBUTION AT POINT 2
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AA

'7at 8" Each
Way, Each Face

"Elevation of Stairway Wall

.- ,, a t 8 '

I 6 Stirru; Stirrup s
:'.~~~~~Stru Won ll B ..f-- ,•I••shown)

4ý 6 Stirrup SPOcIng

* Section A-A
"(Typical Transverse 66ct0on

Of Exterior Stoirwdy WallS)

"FIG. 9.11 REINFORCEMEN' IN EXTERIOR STAIRWAY tIALLS



260

10 #
1m [A 5ot8"

~1~Fii ET7~2..A 3 Stirrups (See Section)

~" F ~ '5 at 8'

(Typical) A A

I4 at 16" Maximum Except

- :4:0" I0 Where Stirrups Are Located

45 at

L_.. --_- 2" Clearance To Reinforcement

I!T ' i (Except As Noted)

#e5 ot a--11Clearance

Transverse Section
8#1 #3 Stirrups

Section A-A
(Stirrup Detail Shown)

FIG. 9.12 REINFORCEMENT IN CORRIDOR SECTION



Interior Stair Section__

1io

A 4J

/6

(See We- .• i Clearance To Reinforfog

4 at 16' Maximum Fxop At*, o !5 Stirrups (Horizontall
"e6 at Vertical

fl 'NOTE;
9 HStirrups at 5' Typical.

-4'-0" With Stirrup Detail Similmr
,__ To That For Corriaor-. 6 Section Except Tthat Leg

Swaing Cor~e~ponds To Maio

4C aa Reinforcement Spoci-g.i 
~ ~~4" Clearance 

i ,6-

"-'•' 

Stirrup s ,i t 4"

"Root and Floot

Section A-A

FIG. 9.13 REIkFORCEKENT IN INTERIOR STAIR SECTION

0



SStairwa I%'z" at & Each Way, Each Face.

4 StirruPs, Legs at 6" Each Way.

*3Stirrups, Lags at 6" HOriZ- B 'dart
*5 at G" Horiz. a Vert. Each Face.

4-"0

1 4~O

FIG. 9.14 RLEINFORCEKEN4T IN LANDING
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- This Dimension Controlled
By Total Thickness Of Door.

-This Dimension Controlled

C * By Size Of The Door.

* I

Ta Shelter

FIG. 9.17 RECESS FOR HINGED CORRIDOR DOOR
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APPENDIX A

PROBABILITY OF DESTRUCTION AND THE
"DESICMt OF PROTECTIVE STWUCTURES

J. T. Hanley

A.O0 JV1TRODUCTION,

An understanding of th* concepts of probability theory is

essential to a thorough un4erstanding of what is involved in the design
of structures to resist attack by nuclear weapors. It is Important,

first, to recognize that in the design of conventional structures we do,
in fact, accept some probability of destruction. This may be done

knowingly as in the case of earth dams or unwittingly as in the case,

say, of a department store.

There are forces and conditions to which all conventional struc-

tures may be subjected for which they were not designed. Every year,
homes and other structures are destroyed by flood, wind and earthquake

forces for which those structures were not designed, and the question
may be asked, "Why weren't those structures designed to withstand those

forces?" The answer is that it Is not economical to design a house, for

example, to withstand the maximum wind forces produced by a tornado

especially since the probability that any given home will be subjected
* 'to such forces, Is quite small. It is literally cheaper to accept the

probability of destruction of the house (end even the possible loss of

lives) and rebuild.t-hose destroyed then it is to design all homes as

"cyclone cellars."1

This judgment is not often made knowingly and was not made
specifically by engineers. In fact, it has betn kiade unconsciously by

the society as a whole. if an individual wants a itructure designed to

withstand maximum hurricane or tornado wind force he can get it, but it

will cost considerably more than one which was designed in a conventional

mnanner.
In some areas where high winds, high water and/or earthquakes

are conac occurrences, the building codes require that some resistance

against those forces be designed into the structure. However, oveo in ":
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those areas structures are seldom designed to withstand the Maximum forcef

to which they might be subjected. There ore other areas In the country

whare despite the frequent occurrence of d4structlvo natural forces no

provision Is made In the design of structure for those forces. In these
areas the basic reason for not doing so Is simply that It would cost too

mu-ch.

In the design of protective structures the fact that some proba-
bility of destruction must be accepted Is brought out Into the open. The

following Is a development of same of the basic concepts Involved.

A.02 THE CIRCULAR GAUSSIAN DISTRIBUTION

If a weapon Is fired at a target the probability that It will
land within a given range of the aiming point may be determined from

probability theory. To approach the problem heuristicly. consider a

rifleman shooting at a target. It seems reasonable to assume that If a
rifleman were to shoot at the target a large number of times the

distribution of shots about the bullseye would approach the normal error

distribution on any diameter through the center of the target (Fig. A.01).

This Is tantamount to assuming that:

1. A large number of small errors are present In any single

observation (i.e.. shot). 1ý4

2. An error to the right and an equal error to the left of

the bullseye are equally probable. That Is. there Is
no Systematic error such as the sight being off which

could be compensated for anyway.
3. The probability of a sioall error Is greater than the

aprobability of a large error In a given shot.

Thtse assumptions arc not always valid, but there Is ample evl-
dance to Indicate that they are In this case. From these assumptions

* ~the so-called Gaussian distribution, or normal error function. wasL

developed which has the following form (See Ref. A.01 for development):

~ .JL*-h~2  (%

9 .-. ~,--. h
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where h- a function of the standard deviation
r -the deviation from the mean, I.e., disteance from the bu~lle"Oft

This function. is the. boll-shaped distribution curve shown is
Fig. A.Ml. Note that the curve has the following properties;

1. It Is syrNmatricai about the Z-axis.

2. The maximum ordinate occurs at r -o and has the value, i
3. Differentiating the function twice with respecteto.

the deviation and setting the second derivative equal

to zero, It Is shoom that the curve has points of
Inflection at

hf42

If we make one more asumption, as previously Indicated, that

th, error Is not a function of 0 (see Fig. A.02)& then the probability

that a shot will fall within a circle of radius r may he wxressed as

p f r dr d$ (3)

Integrating first with respect to 0

p *2h4MJ rear dr
0

Thea with respect to r

h2 r2

p Ar -h 2 r

p,- -~ r (4)
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To evaluate to the constant "h" it Is necessary only to note

that, by definition, the probability that a shot will fall within a

circle of radius r - & is a certainty. or 1.

Thus

I ..

The probability that a shot will fall outside of a circle of
radius ..s;

Sp I - P
i(6)

"where S - survival probability

A.03 A POINT TARGET AT THE DOZ

Let us define the "radius of damage" (Rd) to be that radius
from a given yield weapon at which a specified &mount of damage will be

produced in a given structure. If the structure Is assumed to be at
the bullseye, or In protective construction parlance. If the structure

Is assumed to be at the designated ground zero (DGI), then a weapon which
falls outside of the circle whose radius Is equal to Rd cannot cause the

specified damage. Conversely, a weapon which falls Inside the circle
whose radius Is equal to Rd will cause at least the specified daage to

"the structure.

wHe-ver, equations (5) and (6) are not very useful In the
form presented. Both equations may be expressed In terms of the circular
error probable (CEP) which Is defined as the radius within which 50% of

the weapons fired will fall. Obviously the CEP varies from one weapon

system to another. For exwaple, weapons delivered by dive boer will
have a svaller CEP than weapons delivered by ICBM.

iI
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Since

(7)

.n(0.5) -i-(CEP)I

Further, tn general:

in() - dR2  (8)

*... Dividing equation (8) by (7)

Sinl(S) R- & 21 nlS)

and Rd 2

s - (0.5) 1.1

By definition. then

p so1 -(0. 5) CEP).(0

Note that the CEP bears' similar r"lationship to the ch'cular
Gaussian distribution that the standard deviation does to the norml error
distribution; both the CEP and the standard devlition ore "e*sures of the
precision of the system involved.

A.04 EFFECT OF TARGET DIMENSIONS

In the preceding discussion It was assumed that th. target struc-
ture was a point at the OGZ. Since structures have dimensions. how reasonable

Is this assuaptlon?
Consider a structure %Ahlch is circular in plan. For such a

structure the probability of any part of the structure will be subjected

to say a peak pressure !sufficient to cause sote specified damaged to

that portion may be expressed as:
Rd + R 2

-( S
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.trt P. rd .'1u" f -! a for th-* zp zc!f * ad criterion

RS - radius of the structure

or d + _)
p- - (0.5)

e It is apparent that if small the probability may reasonably
be expressed as

R d 2

p- 1-(.) ~

Thus, if the dimensions of the structure are small coxpared to

the "radius of damige", the structure may be considered a point target.

It Is also important to note that under these conditions the free-field

pressure, thermal, neutron and gam" flux are almost constant over the
range represented by the dimensions of the structure.

A.05 POINT TARGET AWAY FROM THE MEZ

If the target structure Is not located at the aszumed DGZ the

probability of destructlon way be calculated by evaluating the Integral

p f f(rdO) rdrd9

0 0

This can becowe a coosidarable exercise in mathematics. At this point

It is convenient to turn to a graphical solution. Fig. A.03 Is a plot

of equation (10). Note that:

1. The center Is the OGz.
2. All cells within the 22nd ring are assigned the valu.

of 0.001; I.e., the probability that a weapon will

fall in any one of those cells is I in 1000.

3. The sum of the values of all cells shonm is I. or certainty.

4. There is a scale In units of CEP's In the upper right

hand corner.
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S. There is a tabulation by ring number of the taber of

cells in each annulus and the total number of cells

Inscribed by any ring.

To use this figures I't *rs necessary first to locate the target

with respect to the DGZ. This Is done by plotting a point on any radius

at o distance d/CEP from the origin, where d is the distance from the

structure to the assumed DOZ. Then usIng that point as the center- Inscribe

a circle of radius Rd/CEP about it. The probability that the point target

will be destroyed is the sul" of the values of the cells inscribed-.

A.s an exaawle, consider a structure located 15,000 ft.. frce tha

DGZ. A 100 psi Incident overpressure will cause some specified amount

of damage to the structure. Assuine that a missile facility, Located at
,. the OGZ, will' be attacked by a 10 megaton yield weapon delivered by

system with a 5000 ft. CEP, What Is the prjibability that the structure

will be subject to at least 100 psi?

First, the structure must be located on any radius at a distanc,

of d/CEP w 3 froi the DGZt as shown In Fig. A.03. Next a circle whose

"radius is equal to Rd/CEP - 7500/5000 w 1.50 Is drawn about the target

structure (the range of 100 psi from a 3urface burst of a 10 AT weapon

Is 7500 ft.). The sum of Cho values of the cells Inscribed by the circle

so drawn Is about 0.0265; Ie.. the probability of r6ceiving too psi 4W

more Is about 2.6 In 100. and therefore the probability of not recelvha$

such pressures is About 97,35 In 100.

It is apparent that for any facility which Is mot in itself a

target for attack, dispars#l or locating the fecility at some distanc*

from the assumed DGZ will reduce the probability of destruction greatly.

Spocifically, anytina

d > 3.2d

the probability of destrctlion Is less than I in 1000.

A.06 LINE TARGETS

For line targets, such as power, coamaunications and watur lines,

the calculation of the prubability of destruction is relatively a slqlle

0i
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matter graphically. First, plot the line on a graphical plot of the

circular Gausslan distribution. Then construct lines on either side

parallel to the target line at the distance of R /CEP and count the calls

Cnscrrbed.
An example is shown in Fig. A.04, where It is assumed that a

power line buried at an average depth of 6 ft. runs into a point target

which is assumed to be a target for nuclear attack. Other asstmptions

are:

1. Weapon yield; 10 MT.

2. Radius of damage; 1.5 crater radii.

3. CEP; 6000 ft.
For a 10 FIT weapon, 1.5 crater radii Is equal to about 1800 ft.

Thus. Rd/CEO w 0.3.

Counting the cells between these lines It Is found that for

these assiumptions, the probability of destruction is about 0.20. or 20%.

In this cane some Interesting questions might be asked. Firsts

what design overpressure should be used for the point target to obtain
an equal probability of destruction for the target structure as for the

Incoming power line? This might be a logical question In the case of an
unmaunned comaunications facility which would be useless without powers

By Inspection of Fig. A.04, the circle Rd/CEP will lie between
the 8th and 9th rings (i.e. total Inside 8th ring is 0.175 and total

InsIde 9th ring Is 0,222). Therefore, Rd/(EP - 0.59 end Rd *@ 3540 ft.

From Fig. 2-7 of Ref. A.02, the overpressure associated with this range

from a 10 MT surface burst is about 700 psi. Thus, to obtain the ss*e

probability of survival for the point target and the Incoming power

line, the target structure should be designed to withstand 700 psi,

If the power line were duplicated, I.e., if another power line
were brought Into the structure from the other side, what is the proba-

bility that both will be knocked out by the same weapon? Since both

lines terminate at the OGZ the answer may be obtained analytically:

(_d (0.3)2
pl- (o ) m - (o.s)

*EP,•
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"3. the CEP of the weapon system is 3000 ft.,

-4. the center line of the first flight of stairs is

perpendicular to te Il* frco the D? to th

shelter, and,

5. the worst case orientation occurs when the point of

detonation can be seen from a point three feet above

the landing at the bottom of the first flight of stairs.

For the weapon to be seen from this point, the point of detons-

ticA must fall within an angle, 4) (variable), In the horizontal plane

(Plan View) and within the angle (02 - e%), in the vertical plane (Section

* aB-). Further, the slant range, R, within which the weapon must fall is

4600 ft.

Ignoring the probable error in burst height and assuming that

the weapon has a probability of I of detonating at an altitudo. ROB.

betwea the limits,

HO- at Got

and

ROB - C cos 82a

an upwer limit to the probability of the worst case may be obtained.

The projection of the spherical surface defined by R. 01* 020

and T on the horizontal plane may be plotted on the graphical represent&-

"t"ica of the circular GQussian error distribution, if the orientatloo of

* the entrance structure .- th respect to the OGZ is knoba.

From Fig. A.05

0 - arc tan.

sin 0 . 0.407
/(:2+ (4.5)Z

;2"'



Sec. A.07 A-9

p I 0. 9 3 95 0.0 6 05

or
p - 6 In 100

Under these conditions the structure would have to be designed

for a survival probability of 0.94 to obtain a "balanced" design. If

it is not feasible to design the structure to withstand the surface burst

at a distance of 1.5 crater radii the duplicate power line cannot be

justified.

A.07 THE USE OF PROBABILITY STUDIES IN DESIGN

As impI led by the previous problem, & rational approach to the

design of protective structures would require that the probability of

"failure" In various 4modes" be balanced. A structure might withstand

a given overpressure and fail to Protect its occupants against prowt

nuclear radiation for example. Or. it could fail In other ways depending

on the misslon of the structure4

"e~~iver, the problam of balancing the probabilities of failure

In various des can b'e Quite ".VIOW because the various effects do not

scale from one yield to the next in the swme way. The distafice for a

given peak pressure sctles In accordanco with the cube root of the yield

while pro0wt nuclear radlatio.> scaling is con$1ierably core cosalicated.

The net result is that as a pfctical uatter in design the structure is

generally designed first to resist the blast effects of a nu.clear attack

"and then investigated to dete-rine whether the shielding afforded Is

adequate.

It hat been customary to assume the '%oorst case," orientation

to determine whether the shielding afforded is adequate. This may not

always be justified. For eximVie, consider the entrance structure sho% ,.,

in Fig. A.OS. Assume that:

I. the shcel'er is designed for W0 psi overpressura and

associated affects from a I hT weapon,

2. the shelter is iocated at a distance of 6M0 ft.

from the D"Z.
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3. the CEP of the weapon system is 3000 ft.,

4. the center line of the first flight of sta;rs Is

perpendicular tou the lin& from the DGZ to t -he.

shelter. and,

5. the worst case orientation occurs when the point of

detonation ran be seen from a point three feet above

the landing at the bottom of the first flight of stairs..

For the weapon to be seen from this pointo the point of detona-

tion must fall within an angle, 9 (variable), tn the horizontal plane

(Plan View) and within the arngle (8 - 01), In the vertical plane (Section

8-B). Further, the slant ucange . w;thin whch the weapor; must fall Is

4600 ft.

Ignoring the probable error in burst height and assuming that

the weapon has a probability of 1 of detonating at in altitude. HOB,

between the limits.

HOB -R cos S

and

HOB "R cos 0

an upper limit to the probability of the worst case may be obtained.

"The projection of the spherical surface defined by R, G, *2,

and T on the horizontal plane may, be plotted on the graphical representa-

tion of the circular Guasslan error distribution, If the orientation of

the entrance structure with respect to the 0GZ.is known.

From Fig. A.05

2

•,.'.: 0 - arc tan

sine 8 0.407

2 2()2 + (4.5)

~,. ..

• ,9

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .
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"" arc tan 12-10"2"2 4.5s

&i 12.83

12..3)2+ (4.5)?

-2 arc tan•1 - 90

2 arc tan 2'-0" 17.6°• •)ln 2 ac tn 1'- 10,'

Then

: sln 01 4600 (G.407) - 0.625

"CEP 3000

R sin 02  4600
EP --- (0.94S) 1.45

d_ 6000

CEP 3000

These data are plot.ed in Fig. A.06, from which an upper limit

"to the probability of the worst case is

p , 0.003

0 or. the probability of the worst case is about 3 In 1000.
"A byproduct of this procedure is the obvious conclusion that

if a logical decision can be made as to the location of the OGZ, the

probability of the worst case can be minimized by orientin9 the en-trance

so that the opening faces in the opposite direction.

The probability that the structure will be subjected to the

design overpressure can also be determined graphically ass.uming that

the structure is a point target. which Is not unreasonable in most cases.
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_d 440
-This is iccomplished simply by inscribing a circle of radius CE 30

about t he point target. and counting the cells circumscribed. The

probabillty of this event is.

P, 0.2

or, about 2 in 10.

It is apparent-that, In general, the probabil-Ity of-the worst

case for prompt radiation Is small compared to the probability that-the

structure will be subjected to overpressures well ;n excess of the design

overpressure.

If the procedure outlined were employed t.. attempt to balance the

probabilities of exceeding each of the design criteria, it would become

clear quickly that a different 'baance" would be required for each height

of burst. Therefore, a 'ialanced design" In the general case Is simply

not possible. This Is not to say that the question should not be

Investigated nor that probability studies are useless. Such studies oftofl

bring to light facts which are not as Intuitively obvious as the fact

-that shelter entrance structures should face away from the most likely

location for ground zero.
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FIG. A.01 DISTRIBUTION OF SHOTS ABOUT BULLSEYE

ap=-h el r di dO

a ~FIG. A.02 BASIS FOR CALCULATION OF CIRCULAR

GAUSSIAN DISTRIBUTION
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Total Total Total

R1ing Number Inside Ring Number Inside Ring Number Inside
Number In Ring Ring Number In Ring -Ring Number In Ring Ring

*I I 1 9 47 222 17 68 721
2 7 8 10 52 274.18 66 '787
a 13 2.1 It S6S 330 19 62. 842
4 19 40 12 60 390 20 57 906
5 25 65 13 63 453 21 48 954
6 31 96 14 65 518 22 36 990
7 37 133 1.5 67 585 23 36/4 999
8 42 175 16 68 65S3 24 10/10 1000

Targ~et Structure

CELLS OF EQUAL
PROBABILITY

FIG. A.03 POINT TARGET AWAY FROM TH4E OGZ
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Ring Number Inside RI ng Number Inside Ring Number Inside
Number In Ri ngRing Numnber In Rin j Rs NubrIn Ring in3

2 7 8 10 52 274 18 66 787
3 13 21 11 .56 330 T9 62 849
4 19 40 12 60 390 20 57 906
5 25 6S ` 63 453 21 48 954
6 31 96 14 65 518 22 36 990
7 37 133 Is *67 585 23 36/4 999
8 42- 175- 16 68 653 24 10/10 1000

Power Line
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A-8Total Total TotalA-8 Ring Number Inside Ring Number Inside Ring Number Inside.
Number In Ring Ri .Nme nRng Rin Number InRig ing

2 7 8 10 .52 274 18 66 787:
3 13 21 11 56 330 19 62 849
4 V? 40 12 6o 390 20 S7 906
5 25 65 13 63 4S3 21 4.8 954
6 31 96 14 6s 5181 22 36 990)
7 37 133 is 67 585 23 36/4 999

8 42 175 16 68 653. 24 10/10 1000

-S".

CELLS OF EQUAL
PROMAILITY

FIG. A.06 PROBABILITY OF W0RST CASE GAIENTATION FOR PROK~PT NUCLEAR RADIATIOMd
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ECONOMIC CONSIDERATIONS

It is axiomatic that costs are as Important In the design and

construction of protective shelters as In the design and construction of

any other type of but Wding. The factors affecting the total cost of a

protective shelter can be tabulated as follows:

I) sit.
(a) Land acquisition

(b) Availability of utilities

(c) Relocation of utilities

(d) Terrain conditions

2) Materials

(a) Local availability

"(b) Austerity of finish

(c) Qu•dity

3) Labor
(a) Simplicity of construction details

(b) Prefabrication of coiwonents

(c) Use of unskilled personrwl

4) Size or Capacity of Structure

5) Hulti-purpose Use

6) Inter-relation of Corponents

7) Degree of Protection

The effect of most of the preceding factors upon the total cost

is obvious. Consequently, the only factors discussed herein will be those

whose effect either is not obvious or Is soawiewat different from that in

conventional building designs.

One of the most significant economic differences between conven-

tional building design and protective shelter design results from the -

inter-relationship or Inter-dependency of the componentS of a protective

shelter system. This difference is particularly significant vhiero radiation

shielding is concerned,

The total dose received by a detector in the shelter is the sum

of the prompt and residual doses received through both the entrance~wy

¢;" ,. |[
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and the shelter proper..' This'can best be shown diagrammaatically as

fo IlIova:

ALLOWABLE TOTAL DOSE

Entrance System Shelter Proper

Prompt Residual Prompt Residual'

Sic thr ae nogmtn9dssfo teIdvda otiu

,hos s,. e al a

must roane heGi cotsofte vaeutu coo onet Gand tharshelin

capability. Hie way find that i-t Is less expensive to place more fill

over the shelter proper. thereby reducing that contribution, thaalny is

to reduce the entrance conitribution by bends, barriers or other means.

The designer may find that the cost of a surface door to 14eep fal lout from
entering the stairwoll Is less expensive than on *exra bend tn the corridor

or that the reduction of radiation due to the surface door Is sufficient

to permit a greater contribution through the shelter proper with tha
consequent need for less overhead fill.

The economic balancing of the various components of the total

shelter system Is essential If least cost Is to be realized. ?Vhlle the
Individual costs of the various components can root be Isolated as for

as radiation protection Is concerned, It Is possible to estimate the

dollar cost per rad (dose) for the various c.~o~nents. I.*.. $/Rod for
corrld,.Dr, for 900 beod, for overhead mass thickness. Such cost computa-

tion for a specific shetter will facilitate the determination of the mot

economical proportion.
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Since the costs of the structural elements are less Inter-related

than the radiation attenuation elements, the structural costs of the

components may be more readily isolated. For Instance. the cost per foot.

of door will be least for an exterior horizontal flush door, The cost

per foot of door increases with the angle of Incidence due to the

Increased reflected pressure. The total door cost depends not uwly upon

the cost per foot, but the length of door as well. Thus, since the length

of the horizontal door is the greatest, it Is necessary to make total

actual cost comparisons.

In conventional building design it is comon practice to reduce

the total cost by using less expensive, but structurally adequate,

materials. It is presumed that austerity Is the watchword In any shelter

design. Thus, a designer has little opportunity to reduce the "frills"
and thereby reduce the eventual cost. This Is particularly true when

the entrance structure alone Is considered.

The designer must always bear in mind that least cost comparl-
sons are valid only when the designs compared offer the same degree of
protection or safety. Thus, while a wider entrance structure may be more

economic.al than two narrower entratce structures with the same total

capacity and radiation protection as the larger structure, the extra

door has an added safety advantage as an emergency escape route.

Unfortunatb'y, there are no hard and fast rules that can be

established to insure minimum cost. The final decision con be mad.s

only when least costs are evaluated with the Intangibles that do not

lend themselves to actual costing.
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APPENDIX C

SOLID ANGLE AND SOLID ANGLE FRACTION

C.AT SOLID ANGLE

The solid angle is a measure of the fteld of view occupied
by an object or a surface in space as seen from some specified pole in
space whose position is fixed relative to that object or surface. Be
solid geometry, the solid angle Is measured in steradlans and may be
defined as the area subtended on the surface of sphere of unit radius

by the object or surface.

9 - A; where 0 a the solid angle

A - the area subtended

(or 0l - A/r ; If sphere is of radius r)

Consider tvo spheres of any radius at some distance, do apart,
as shown In Fig. C.01. As seen from the center of sphere A, sphere "
will i nscribe a cIrcl on the surface of sphere A. The total number of
steradlans comprising the surfaze of sphere A Is Qt - 41tr /r - 44
sterad. The area A, subtended on the surface of the sphere A by sphero
B, may be computed from the following expresslont

A"0 ,0 , .d.

where 0 and 4 are polar coordinates defined as show in Fig. C.O0.

Integrating first with respect to ,.

A- 2xr 2 Sin 0 d 0

Then with resptct to 0,

A.a---rr
2A 2Ur o C :

0*10

-A - Ir2  - cos

Thus
A - Zv Ws co for the case Indicated.

i2
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-Note that the same expression Is derived regardless of the

value of r; therefore, n is the surface area subtended on a unit sphere

(r = 1).

C.02 SOLID ANGLE FRACTION

For various practical reasons, In radiation shielding a

different measure of the field of view occupied by any object or plane

Is used. The solid angle fraction is defined as follows:

A

2xr

Therefore, the solid angle fraction subtended by the sphere

B on the sphere A Is

, - cos 0

The solid angle fraction subtended by a plane rect~mgular

surface which Is so located In space that a perpendicular through its

ccntrold passes through the center of a sphere of unit rodlus (see

Fig. C.03) wy be computed by the following expression:

2 tan' I~nf 7

Vhere e - e - eccentricity ratio

27
n 0 U uoraiity ratio

W - short dimension

L - long dimenslon

Z - perpendicular distance froa plane of
interest to center of "unit" sphere

See Chap. Vii. Art. 41, p. 68. Ret'. 6.01.

A chart for the solution of the a,ýove equation Is presented In
R.ef. 6.02.

-0
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FIG. C.01 SOLID ANGLE FORMULATIO14
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FIG. C.02 CALCULATION OF SURFACE AREA USIN4G L.

POLAR COORMIATES
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Where;

-~ z Short Dimension.
L =Long Dimension.

8 Z =Perpendicular Distance
From Plane Of Interest
To Center Of U~nith Sphere.

z

FIG. C.03 SOLID ANGLE FRACTION~ SUBTENDED BY A PLANE

RECTANGUJLAR SURFACE
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APPENDIX 0

POSSIBLE RADIATION IVfZARD RELATED TO THE USE OF ALUNINU-
BLAST DOOR IN SHELTER ENTRANCEWAY

A. a-. Chilton

D.O1 INTRODUCTION

There is a possibility of using an aluminum blast door for a
nuclear shelter, presumably at the end of the corridor -which comprises

the entranceway ind leads Into the shelter space proper. The question

exists as to the effect of such a door from the radiation point of view.

since It Is conceivable that the Interaction of the neutron radiation

with the door may under certain circumstances create more of a radiation

hazard than visuld exist without the door.

* It is difficult to give a precisely accurate quantitative

analysis of the situation because: (1) it will depend somewhat upon a

precisely defined configuration of the structural elements and a detailed

specification bf the materials of construction for all elements;

(2) the precise distribution of neutron energy and direction at'each

point in the system Is most difficult to obtain analytically. if not

practically Impossible. However, it Is believed that by making reasonable

assumptions and some simplifying Idealizations In the situation, a

definite answer to the basic question can be correctly obtained.

It Is assumed that the shelter consists of an entranceway

corridor, consisting of two or more legi, l-•ding Into a shelter of

several hundred persons capacity tt%'iough a do.iwy'of dimensions about

3.5 x 7'. At this doorway Is located a blast door which may consist of

an aluminum slb with thickness on the order of an inch, with possibly

some si-t, of stren~qthening frameaork (whose effect can largely be

ignored from the radiation point of view). Two idealizations of the

situation stould be considered, as Illustrated In Figs. 0.01 and D.02.

*k These represent two extremes from the radiatfon point of view, In that

Fig. 0.01 represents cases In which the bulk of the radiation may be

considered penetroting the door In a direction approximately norwml to

It; whereas Fig. 0.02 represents cases In hilch the largest comonent

. ... ...
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of the radiation may be considered penetrating the door-with a rather extreme

slant angle of Incidence.
It can be seen that both of the cases assume that radiation passes

down the entrance passageway in a somewhat collimated beam along the passage-

wey. This I's believed to be a reasonable assumption. although no experimental

data on neutrons are known which have deffinst, ated this conclusively.

Also It will be seen that no knowledge Is required of the neutron

!-j

field, either outside the shelter or within the entranceway. All that Is

necessary to assume is that the neutron flux Is sufficient to provide a

possible hazard In the shelter. The analysis will be concerned with the

problem: given an arbitrary flux of neutrons Incident on the doorway, Wo)il

the hazard Inside the shelter be decreased or increased, by the presence (as

contrasted with the absence) of an aluminum slab door? In case the hazard

Is increased, the question will also be discussed as to whether an aluminum

door Is any worse than a steel door In such respect.

0.02 THERMIAL NEUTRONS NORMIALLY INCIDENT

1) Interaction ProbabIlities, The microscopic cross-sections for

thermal neutrons on aluminum are taken to be (R~efs. 0.01 *ad 0,02):

as 0.215 barns (I barn 10,~24 ca 2 )

at 1.615 baras

One obtains the vacroscopic cross-sections by multiplying the above value-*

by N. the oumb-r of atoms per cubic, centimeter, where

6.24* 10 l0 atoms 2.7 w
22. 3

604x10 atoms/CA

Thus.

* L 1.295 xi c-1

-8.43 x 10~ ca'

i q • +S

•~~~~.................*" o -he ra.atio ma e€n~irdpntaigth or iharte xr



Sec. .OZ a 0-3

E -9.73 x 106-2 c,""
t

2Assume I neutron/cm incident normally upon the aluminum door of

"thickness T, wjhere T is of the order of I rInch or less. It is to be noted

that the mean-free-path of a thermal neutron In aluminum, the reciprocal

of E, Is 10.3 cm. Thus T Is much less than a mean-free-path; and one may

consider that the probability of two or more collisions In the aluminum Is

negligible. Hence, the single collision calculation is approximately valid.

One finds then that:

I. the number of thermal neutrons/cm2 absorbed Is 1.295 x 10-2 x T;

2. the number of thermal neutrons/cm2 scattered is 8.43 x 102 x T;

3. the number of thermal neutrons/cr having sowe sort of

interaction Is 9.73 x 10- x T.

Note: T Is in centimeters.
The effect of small percentages of alloying elements and Impurities

In the aluminum Is considered negligible.

2) Gtamta Photons Resultingf rom Thermal Neutron Ahsorptlon by

,AluminuM A number of Investigators have studied this particular questigo

(Refs. 0.03. D.04. D.05. using different techniques. The results they get

tend to complement one another, but where they overlap are not entirely

consistent. One Is left with the problem of making a judgment as to the

precise division of energies among the various energy bonds of the gava

"spectrum. As an aid to this judgment. there is tie ruie ibee net, t).

that the sum of the products of gamsa photon must be apprcxinately equal

to the value of the binding energy of the neutron t.4hlch has been capture•.,

In the cose of the Al2 7 (n,g9aqv) A128 reaction, the binding energy of the

neutron is knon rather accurately to be (Ref. D.03) 7.724 MeV. The

estimated number of photons in each energy band Is given In Table 0.01.

* The tissue absorbed dose caused by these photons resulting

on the ae from a single thermal neutron capture In aluminum Is

determined as follows:

%....................".. . ....... ".-.....
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Doe ras u (Eegyfl. 2 -6
"'Dose (rads) (Energy flx," MeV/cm x (1.602 x 10 ergs/IeV)

E 2
x (Energy mass abs. coef. for tissue, C /90)

x (O.01 go-radsferg)

-1.602 x IO0 Energy outiput, KelfOeY ts.
4xR1E 

.

* 0.1275 x.ln 4 (I/R 2 ) (Photon Energy)(Intensity) x
E[ (Open.t iss.1'

where R is the distance In centimeters from the point of photon emission to

the point of dose measurement. The computation of the sumation over energy

Is given In Table 0.01.

It Is to be noted that the gamma rays appearing from the Al2 7

(n,gamma) A12 8 reaction are not the only gauma ray hazard. A12 8 is itself

radioactive and decays by emlsslon of a 1.8 Hel osnma ray. with a hatf-

life of 2.3 minutes. This radiation is also Included In the calculation

given In Table 0.01.

It Is now readily determined that

.i,.-8 i-21 2
D(R) - 0.1275 x 10 x 19.62 X A

- 2.S0 x /A

3) Calculation of Total HiYArd C.used by Therwal Neutrons.. It Is

necessary first to convert neutron flux In neutrons/cm2 to tissue absorbed

dose. Usually It Is considered necessary to determine the biological dose

in rems, by first determining the physical absorbed dose in rads and then

tmultiplying by the RBE ("relative biological effectiveness") of thetmal

neutrons. In the problem undertaken here conversion from reds to rem Is

not considered necessary, Since the RBE will be token as unity for neutrons

of all energies as well as for gasaa rays. (The use of a higher RBE for

47.
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neutrons Is customary for peacetime pu;rposes, since a degree of conservatism

Is required to cover the uncertainties In the prectse biological effects

of neutrons 4.-d to cover variations it the relative effects for different

biological symptoms. For emergency wartime condittaos, this degree of

conservatism Is undesirable; and Ref. 0.07 (paragraph 11.88) recommends

that unity be used for overall prompt casualty producing effects.)
Snyder and Neufeld (Ref. 0.08) give a conversloo factor of

4.0 x l10 reds for a normally Incident thermal flux of I.neutron per cM$.

(See also Ref. 0.09)
It Is now possible to compute the absorbed dose within th: sheltz.

with little further ado. First, one should consider the reL&"lon In the

hazard from the Initial beam, caused by the removal of neutrons from It,

either by scattering or absorption. If the beam is essentially straight,

the reduction in absorbed dose is:

b - Icidn " . 7 3 x 10O2 T x 4 .0 x 10-10

- 3.89 x 10t1 T reds

Next, one should consider the hazard fro* the thermal neutrons

; hlch are scattered by the aluminum atoms. It may be assumed that the

scattering is Isotropic. For each square centimeter of door area, the

thermal neutron flux resulting from the scattcring Is, at distance of R

cent imeters,

F(R) 8.43 x 10" T/4*R2 " 0.671 x 102 TAR4o

"The dose in rads at distance R, as a result of these scattered neutrons Is:

0 0.671 x 10- T x 4.0 x Jo-0o/RA

2.68 x i0' 12 1/52

"if the distance of the point of Interest fro. the door Is of the

order of or larger than the larger dimension, say 8' or over, the door

may be approximately considered as a point source of A neutrons/cm2 , whre

A is the area of the door in CA Then.

_7 7..............................----.'-~-
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S0(A) - .68 x 1"12 T A/R2

-2.68 x 10-12 V/Ri2

,*ibere V Is the door volume.in cubic centimeters.

Finally, one should compute the absorbed dose caused by the

thermal neutron capture gamna-rays. From previously determlned data we

cao see that:

0 -=.295 x 10.2 T x 22.50 x 101iO/R2

a

3.24 x 102 T/R

. Just as in thecase of scattered neutrons, at a distance of say 81 or more,

we may consider the door as a point source having A neutrons/ca2 Incident

""on it, and find

D (A) - 3.24 x iO1 V/R2

A more accurate method of corputing the radiation level at small
distances f rome a rectangular source can be used to give correction factors

to the above expressions, The following correction factors apply to the

equations above for 0 (R) and 0 (it). as determined from Ref. 0.10;

Ilstnmce Corr. Factor

8 .92

3.5 .74

1.75 .46

0.8 .19

4) Specific Eximples. The situation can be brought home most

clearly by a couple of examples.

Examole . Consider the absorbed dose 8' from the center of

the 3 1/21 x 7' x I" aluminum door In the shelter. as com-ared to the
dose that would occur if no door were present. Assume one thermal neutron

per square centimeter Incident normally upon the door,,y.

L - . -' - -
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The dose level without the door, as prevIously given. Is
400 x 10-12 rads, under such circumstances.

The reduction ini dose when the door Is present Is:

-
1in.-3.89 x TO~ x 2.54 9- g8* x .10~ wads

The additional dose due to scattered thermaal neutrons and

capture gamma rays I&Z

IN ' 0.92-x (2.68 + 7.24) x 10 x12 S4 3 2x8

S a(8 30.48)2

5.3 x 101 reds

Thus. the dose level with the door present wo~uld be (400 -99 + 5)

x TO' rads, or 306 rads. This represents a reduction of about 23%,.

Example -2. Repeat Exanple 1. with the distance from the

center of the door 0.8'.
The original dose level without the door Is the sawe, 400) x 1

The reduction in dose Is the same, 99 x rads.

The additional dose due to scattered thermial neutrons and capture

gaKMaa rays s5

+ 0.19 x (2.6~8t 3.24) x 10 - 2.54~ x 42 x 8 4

-109 x 10oI2 reds.

Thus, the dose level with the door present would be (400 -99 +. 109)

x0- 12 ras r40x10-12 crads. This represents an Increase of about 2.5L.

0.03 PAST NEUrRI0)S NORWjLLY IHUIOENT

1) Ge~neral. For neutr~on energies above thermal. the czpture

cross-section leading to gaanta ecaission Is very sm~all: and this effect

may be ignored. At tnteruediate energy ranges, the Interac~tion of neutrons

with aluminium Is almost entirely elastic scattering; and. as has been

Indicated 'Iq the previous section. this can~ only have the effect of diffusing

a colliaoated be"a n~d thus reducing the radi~atboo level withlin the beam
path beyotsd the door.
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For neutron energies from about 2 KeV up to and well beyond

14 MeV, there is appreciable inelastic scattering of the neutrons, with

the emission of gamma rays representing the difference In energy between

Incident and scattered neutrons. This then Is a regioan wIch should be
analyzed In a fashion similar to that for the thermal neutrons.

The cross-soctions within this range are not known very precisely.

especially for inelastic scattering; however, they do not vary wTdety with

energy. It Is reasonable to assume the following values for microscopic

cross-sections (Ref. D.02):

2.5 MeV 14.0 KeY

_--e 2.15 barns 0.7 barns

a 0.35 barns 0.8 barns

2.5 barns 1.65 barns

The neutron absorbing and particle produring reactions have rathar low

cross-sections In this range.

The ga=3 rays resulting from the Inelastic scattering may have

energites of 0.85 KeY or higher. For neutron energies high enough, up

1. 14 PKV, tho • rays "y have eonrgles up to 5.4 MaV. The residual

neutrons will have energies aver"Ing oro&und I Key; and for sufficiently

high energy Incident neutron energy the ceattered neutrons will b•ve W 1

energ;as of 0.5 to 4 Mey (RUf. D. 1i).

The macroscopic cross-%ectlons corresponding to the above

microscopic cross-sections are

2. 5 Ke1V !.

L, ;el. 12.95 x It 2 CA- 1  4.22 x 10- 2 ca -1

l• -•:i: Zin- 2.11 x 10" cal 4.82 x 10'2 to' ::""-

-2 1 -2 -I ,.
ToT 15. xI0 2 ca 9.94 x 10. ca,.

*
Thes-e data are directly usable for obtaining the number of Interactions of

neutrons with th, door. for example, for a door of thickness T (on the

order of I Inch or less). with one 14-KeV neutron/ca ircident normally on
-•1 It.

0-
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1. the number-of neutrons elattically scattered per co IsL
4.22 x10 TF;

2. the number of neutrons Inelastically scattered per ca 2 Is

4. 82x TO T;
3. the nuimber of neutrons removed froum the original beam per

coIs 9.94 x to0' T.

2) Flux to Dose Conversion for High. Energy- Neutrons. Snyder and
Neufeld (Ref. D.08 and Ref. D.12. Chapter 2) give the folltowing values

22

E'. (MV),rad per nC~A2

0.5 2.4 x -

1.0 3.8

2.5 4.3

5,0 5.8

10.0 7.0

One may assumeo by extrapolat ion that the value for 14 iReV Is also

7.0 x 10.

It valght be noted thot the absorbed dose per neutroon Is not

quite so dependent upon the neutron energy as In- the case of goa~ rays.

A reduction of neutiori energy by Inelastic scattering frtm say. 10 Aelf

to I MaV seirves to reduce Its tissue dose only by a factor of two.

3) Ccbculat ion -of the Toti)t I1zard fr ", Hih FrerqX Netttn%,.
(a) The reduction In dose due to the flux of the incideat

beam Is readily coagoted. assuming one neutron per CA 2 ini end.

considering a door TF ca. thick.

ror 2.S.KeY neutron*,:ý

4DIc - 15.06 x. 10 -xF T 4.3 x 10L

-64.8 10 b T. r
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-* For 14 MeV Neutrons:

AD u9.94 x10-2 x T x7.Ox 10 9
I nc.

(b) In the lack of i~nformation to the contrary, It Is usually

assumed that Inelastic scattering at these energies Is ISo0tropic. For the
purpose of this paper the assumption Is quite a~dequate. For lnelasticaily

scattered neutrons. the hazard for each unIt area of the door I's as folloies.

For 2.5 MYV neutrans:

2.1'1x lo- x T 3.8 x 10~
%R2

0.6 8 x 10 T
R2

If the point of dose determination Is sufficiently far fro3m the

door, the door can be cansideved as a point source, aiid thus for a door

of a rea A,

DS (A) 0.,638 -x -I T 0.'638 . lo0 v

Fpr. 14 K~eV ne'utruns:

4.82 x 10 2 x T x3.8 x 10-
DS

and

o, (A) 1.46 x 0" V

(c) The effect of the ga~as rays resulting from inelasticAlly

scatered rneutrens canwot be described with preciseness because of lack of
exact kn~owltdqe as to the physical data for this ettect, Sut for the

purposes of this paper. one may assume the following.

For 2.5 MeV netr-ons: the resulting Saa~a rays have an aviarage

sass energy absorption coefficient of 0.03 cm1l.

Fo 1 S-V etron-: the resulting gawas rays have an averag.

mass anergy absorption coefficient of 0.02 cm.
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It will also be assumed that the ganv&a rays are isotropicaly

emitted.

In similar fashion to the development In Sec. 0.02, one may

obtain for the gamma rays the following results.

For 7.5 MeV neutrons:

0.1275 x 108 x 2.11 x 10-2 x T x 1.5 x 0.03
S9 ft2 -

0,121 x 10-11 T

2

For the total door, we have that

" 0.121 x 10"!i ViJ~~~ O(A) = R

9 ~ R2

ror 14 MeV neutrons:

0.1275 x 0" x 4. 8 2 x 102 x T !1-3.0 x 0.02O9 ,,R 2  , -•,

1.60 x 101 T

0 (A)

(d) At these energies, a large proportion of the elastic

vcattering Is diffraction scattering and It Is conservative to coosidet

that all of It is. The angular distriLtulIon can be computed theoretically

to give results which, if adjusted to experim-ental data, will give rather

predise Information. For these energie-, the distributiot is Strongly

peaked in the or9ginat neutron direction. For the purposes of this paper

it will ouffice to determine the limits of a cont about the Incident

direction, within %which Elie distribution Is considered isotropic and out-

side of 4iich it is considered negligible. The limits of the scattering

cone may be taken at a half-angle of 0 - )t/2qR. whcre ee is the Uve

length of the neutron In centimeters, according to the forwila

X 28.6 1 0 In (f, I

-. . N. . . . . . . . . . . .' - -
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R Is the radius In centimeters of the nucleus being considered, and can be

computed as

-13 1/3R = .45x 10 x k

Wera A Is the atomic number of the nucleus. For aluminum,. A 2., se

that R - 4.35 x 10"13 cm,

For 2.5 _MeV neutrons:

A X 28.6 x 10 /(2.5)/2

- 18.1 x 1 .13

o (18.1 x 10"13)/(2x x 4.3S x 10"3

- .662 radians, or 380

The number of steradians In a cone of 380 half-angle is

2* (1 - cos 380) - 1.33.. For elastically scattered neutrons from a unit

area of the door the hazard will exist at a detection point, If the

scattering unit area Is within a 380 cone about the direction from which

the neutrons are originally incident. This will amount to:

-2
12.95 x 10 x T x 4.3 x 0 9

1.33 R

- 41.9-x 10"I1 T

R2

For 14 MeV' neut rogs:

X - 28.6 x 13/(14.0)I/2

- 7.64 x 10"

(7.64 x 10 1 3 )/(2x x 4.35 x 10-)13

*.280 radians, or 16e
The number of steradians in a cone of l16 half-angle is

2%(- cos 160) = 0.243. If the scattering unit area is within the 16°

cone, the hazard will amount to:

'5-.
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"se 4.22 x 102 x T x 7.0 x 10

0.243

122.0 x 10~
R2

4) Specific Examples. Examples similar to those in Sec. D.02

will be worked out. Since the 14 MeV case is more severe than the 2.5 XeV

case, the latter will not be specifically examined.

Example 3. Consider the absorbed dose 8 ft. from the center

of the 3.5 x 7' x I" alumlium door, In the shelter, as compared to the dose

that would occur If no door were present. Assume one fast neutron (14 HeV)

Sper square cent imeter Incident normally upon the doorway.

The dose level without the door is, as previously indicated,

taken tobe 7.0 x 10- rads. or 700 x 10l1 rads.

The decrease in dose when the door Is present Is:

- Minc. 69.6 x lo' x 2.54 - 177 x 10" rads.

The additional dose due to Inelastically scattered neutrons and

gamma rays from inelastic collisions is:

0+9 .92 x_(I146_+ 1.,60) x 10-1 X_ 2.4 x 42 x 84
9 (618 30.48)z

"0.92 x 3,06 x 10, x0 1.6,36 x.3528

2 4 3 . 48

W0 u 2.73 x 10" reds.

At 8' from the center of the door, the number of square centl-

ometers of the door Included 1-i a cone of half-angle 160 Is readily computed

to 13,310 square centimeters. Then the additional dose due to elastically

scattered neutrons is:

0 122.0 x 10 x 2.54 213A1,D
so (B x 30.48)2

122.0 x 10 1_x_33,800
243.84W

6- 9.4 x 10"! rads.

a-0a
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Thus, the dose level with the door present would be

(7uO - 177 + 3 + 69) x 1o0"1 rads, or 595 rads, This represents a reduction
of about 14.

Exam . t EYa-p e&. 3. with the distance from the menter

of the door 0.81.

The original dose level without the door is the same., 700 x

rads.

The reduction in dose is the same, 177 rads.

The additional dose due to Inelastically scattered neutrons and

9amma rays from inelastic scattering is:

-11 3
S0.19 x (1.46 1.60) x 10 x 2.54 x 42 x 84

Ssi .- (0.8 x 30o48)2

- 56.4 x 10"1 reds.

At 0.8' from the center of the door, the number of square centi-

meters of the door Included In a cone of half-angle 160 is readily computed
to be 153.7 square centimeters. Then the additional dose due to elastically

scattered neutmns Is:

122 x 10l1 x 2.54 x 153.7
SC (0.8 x 30.48)

" 80.1 x 10' rods.

Thus, the dose level with the door present would be

(700 177 + 56 + 80) x 10 ", or 659 x 10"11 rads. This represents a

* decrease of 6L
It is to be noted that all reductions and Increases are propor-

tional to door thickoess, within the limits of the assumptions stated.
Thus. precise answers will depend on door thickneis, but the general trends

will not be changed.

"0.04 NEUTRONS WITH SLANT INCIDENCE
W.4hen the case represented by Fig, 0.03 Is considered, the problem

becomes more complex, and meaningful quantitative results are still more

difficult to com by. The analysis must therefore be a little more approximato

1u
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them previously'; and restilts given should not be considered exact. even.

though given to three or more significant figures.

For the situation shown, there is little likelihood that the

beam in the direction of the strongest component of the radiation will

enter the shelter, since the radiation will be Incident at such an acute

angle to the plane of the door that the thickness of the wall between the

shelter and its entranceway witl probably cut it off. Under such a ctr- .
cumstance. It is clear that the door will be, from the radiation point

* of view, a hazard rather th.n a help, since it wl! tend to become a

"source of gcamma ravy and inelastically scattered neutrons and will direct

radiation into the shelter while In Itself having negligible shielding

characteristics.

The extent of this hazard can be computed by comparison with

previous results for the normal Incidence case. If one assumes a flux

of I neutron per square centimeter measured In a plane perpendicular to.

the direction of the flux, then the door will be struck by A cos 0 neutrons.

T Th• thickness of the door In the direction of the slant flux

will be T/cos 0. In the development of the formulas for neutron inelastic

scattering and gammn contrib.itions, these two terms nwiltlpl•. so that the

dependence on antgle vantshts (within the limitations of approximatioe

inherent In the formulas). Thus the formulas turn out to be the same as

those derived in the preceding sections for Inelastic scattering and garmw

ray contributions, and these formulas may be used for total flux for all

incidence directions Alch are sufficiently acute that predomlnately

forward (elastic) scattering Is excluded.

However, it must be pointed out that a• material used in the

"door of this order of magnitude of thickness It going to present this

same "in-scattering" effect. It Is therfore a little unfair to mitigate

against the use of aluminum for such a reason. It vwuld be better to

compart the aluminum door with doors of other materials providing the same

*l strength, so as to see whether there is any substintill difference from

tbe radiation point of view and the amount of this difference.

SI is appropriate therefore to coapare t' etfects of an olteImnum

door of one inch thickness with that of a steel door of equivalent strength.

40L 41N^
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Since the yield strengths are approximately the same for the two materlais
"(see Sec. 7.05) the steel door thickness may also be conAidered to be one

inch.

The nuclear characteristics of Iron which are needed for computa-

""tion are as follows (Refs. D.01, 0.02, o.MT).
For thermal neutrons:

s - 1 1 barns

n, - 2.53 barns

The product of gamma energy emitted per neutron absorbed times

the average mass energy absorption coefficient Is about 10 MeV x 0.016 cm2/g

or 16 x I102 .

The decay gamma emission is small by comparison.

For 14 14V neutrons:

Inel. 1.45 barns

The average energy of residual neutrons after inelastic scattering

Is 0.75 NeV.

The energy emitted In the form of gonp" rays per neutron absorbed

Is therefore 14-0.75 MaeV. or 13.25 NeV.

The average photon energy Is several PleV, so that the average mass

energy absorption coefficient for ganrta rays from inelastic scattering can

be taken to be 0.020 cV"1

The angle for effective elastic scattering Is computed to be 12.60,

and my therefore elasticaliv scattered neutrons may be considered to be

blocked out In the fashion the undeflected neutrons are.

The formulas for the steel door are the same as those for the

"aluminum Aoor, and therefore there is no need to propound them In detail.

The results of scattering and gona• e.mIssion from a 3.5' x 71 x I"

"steel door are given in Table 0.02. showing a comparison with similar results

* for the aluminum door. These results indicate a much greater hazard from

thermal neutrons for the steel door than from the aluminum door; the h-zards

from hlqh energy neutrons are rather comparable for the aluminuo and the

steel doors, although the aluminum door still appears less hazardous.

. ., ' .r .. .. ; ,.- ,, .. . , %- -." -. -,'.," . . . - '.-' ,." -. * -.. ,.i.



"- --- en"slibvff-tT t4- L for neutrons normally incident on a

s %elter doorway, the presence ,f an aluminum blast door of reasonable

thickness will not. greatly vary the hazard inside the shelter from that.

"whlich would result if ng door obw*44 were present.

_Dý*z ý the neutrirs are incident at such an angle

"that the direct beam would not penetrate appreciably into the shelter, the

preseoce of an aluminum door would indeed create a 9 reater radiation field

within the shelter. However, the.alurinum door would cteate no greater

"hazard than a steel door of comparable strength; on the contrary the

fowmer would probably create less hazard.

* L

q.

S 4. 4 4 .v4-*-:4~~- 
'~

N 
4 4 *. . .. 4



..- " "Sec. 0.06
•I%

"D.06 REFERENCES'

.D.0 P. S. Mittelman and R. A. Liedtke, Nucleonics 13, 50 (May 1955).

0.02 D. J. Hughes an JR. B. Schwartz, "Neutron Cross-Sections."
"2nd Ed. 1U, S. AEC Rep•crt, SL-325 (1958).

0.03 B. B. Kinsey, G. A. Bartholomew, and W. H. Valker, Phys.
Rev. 83, S19 (1951).

D.04 T. N. Braid, Phys. Rev. 102, MrOs (1956).

D.05 L. V. Croshev, A. M. Demidov. V. N. tutsenko, and V. I.
Pelekhov, Atomnaya Energiya 3. 187 (1957); Jour. of Nuci.
En. 8, 127 (1958). Sov. Jour, of At. En. 3. 369 (1957).

0.06 "Re.ort of the International Commission of Radiological
Units and Measurements (ICRU) 1959." NBS Handbook 78
(Jan. 1961).

"0.07 S. GIasstone, ed., "The Effects of Nuclear Weapons."
revised. U. S. Govt. Printing Off. (April 1962).

D.08 W. S. Snyder and J. Neufeld, Brit. Journ of Radiol. 28.
342, (1955).

0.09 W. S. Snyder, Nucleonics 6, No. 2, 46 (1950).

0.10 J. H. Hubbell, R. L. Bach, and J. C. tamkin. "Radlatlon
"Field From a Rectangular Source," Jour. Res. of Nat. Bur.
"of Stds., 64C. No. 2 (April-June 1960).

0.11 B. T. Price, C. C. Horton, and K. T. Spinney, "Iladlatlon
Shielding." Pergazon Press, New York (1957).

0Z.12 1. Goldstein, "Fundamental Aspects of Reactor Shielding."
Addison-Wesley, Reading (1959).

>,,

r*,

9

, ,* , '- :.** ,, * .•,- -, -j:-----'-.,• *: • -='-T :' .', • . * -,•. ,T, .. .::''-- '.'. * . • . ".• • :,,, • - -



TABLE 0.01

(1) (2) (3) (4) (5)' (67

Energy Average Intensity. Col. (2) . Col. (4)
Band Energy photons/ x milen-tiss. X
(?) (t4.ev) ncutrtun Col.__(3) Col. Las

> 7 7.7 .35 2.965 .0165 4.44 x I0"2

5-7 6.0 .19 1.140 .0178 2.03

3-5 4.0 .71 2.840 .0203 5.76

1-3 2.5 .38 .950 .0241 2.29

< < .97 .10 .097 .0310 .30

"Instantaneous gamma total 7.722 14.82 x 10.2

Decay gaMza 1.80 1.00 .0267 4.80 x 10'2

TotaI gaamm 19.62 x 10" 2

*This Is the mass energy absorption coefficient for tissue, as given
in Ref. D.06.
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TABLE 0.02

Incident flux - I* neutronjmcm2

at large slant incidence

"Neutron Basis for Value of dose 80 from center of door
Energy Hazard __. ...

P, aluminum I" steel

Scattered 2.4 x 10712 rods 26.6 x 1012 rods
Thermal "-1 -12 1 - 12

Capture gam. 2.9 x 10 rads 39.4 x 10 rads

* Total 5.3 x 1012 rads 66.0 x 12 rads

14 -14eV Inelas. scatt. 1.63 x 10 1 rads 3.33 x 11 rads

Garwa from inel. 1.78 x 10'411 rods 3.07 x 10"II rods

Total 3.41 x t0o! rads 6.40 X I0"11 rods

Note: Since the ROE for all radiations Is taken as unity, the rods are
equivalent to rems, and may be considered as comparable to biological
doses.

t" . I . . . . . . . . . . .
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FIG. 0.01 NORKiAL INCIDENCE
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FIG.- D.02 PRDCTICAL CASE OF SLANT INC IOENC
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